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ABSTRACT 


Residual  velocity  data  for  fragments  of  four  different 
materials,  aluminum  alloy,  steel,  uranium,  and  a  tungsten  alloy, 
impacting  on  various  plates  are  analyzed,.  The  range  of  fragment  sizes 
is  from  30  to  240  grains  while  the  fragment  striking  velocities  are 
usually  no  higher  than  6000  feet  per  second.  Empirical  formulas  are 
fitted  to  the  body  of  data  for  each  fragment-plate  combination.  Setc 
of  graphs  are  displayed  relating  selected  impact  parameters.  By  the 
use  of  these  graphs,  a  comparison  of  the  performance  of  the  four  frag¬ 
ment  materials  is  made,  for  fixed  weight  and  shape  of  the  fragments. 
The  ordering  of  the  fragment  materials  is  found  to  correspond  with 
their  densities,  with  better  performance  corresponding  to  increasing 
density. 
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INTRODUCTION 

Residual  velocity  data  for  fragments  of  various  materials 
impacting  on  steel  and  aluminum  alloy  targets  have  been  analyzed. 

These  data  were  provided  by  the  Ballistic  Research  Laboratories  (BRL) 
of  Aberdeen  Proving  Ground,  Maryland.  The  underlying  motive  for  the 
analysis  is  to  provide  an  estimate  of  the  effect  of  variation  of 
certain  fragment  characteristics  on  the  performance  of  the  fragment. 
Restrictions  are  imposed  on  the  impact  parameters  to  make  the  study 
particularly  applicable  to  problems  related  to  the  vulnerability  of 
material  configurations  used  in  structures  of  aircraft  and  missiles. 

Other  experiments  on  penetration  have  revealed  that  a  fragment 
that  remains  intact  after  impact  will  usually  "perform”  better  than 
another  fragment  that  breaks  up,  all  other  factors  being  equal.  Is  it 
possible  to  use  fragments  of  materials  other  than  steel  to  advantage  in 
some  situations?  The  blithe  assumption  that  steel  is  the  optimum  frag¬ 
ment  material  requires  frequent  reappraisal. 

The  retardation  of  a  fragment  in  flight  is  less  for  a  given 
fragment  than  for  another  fragment  of  the  same  weight,  same- shape,  and 
lower  density.  This  effect  is  more  pronounced  at  low  altitudes  than  at 
altitudes  where  the  air  resistance  is  negligible.  This  phenomenon  is 
a  point  in  favor  for  high  density  fragments. 
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The  fragment  materials  selected  to  provide  data  for  this 
study  are  listed  below.  Fragments  in  the  shapes  of  cylinders  and  box- 
on-cylinders  were  prepared  for  single-shot  firings  at  BRL. 

With  light  gas  guns  presently  in  use  at  BRL,  velocities  for 
steel  fragments  (and  for  fragments  of  less  dense  materials)  over 
10,000  fps  are  possible.  However,  for  this  study,  the  comparison  is 
restricted  to  fragment  striking  velocities  no  higher  than  6000  fps 
because  of  the  inclusion  of  denser  fragments.  Firing  the.  denser  frag¬ 
ments  at  much  higher  velocities  would  have  involved  technical  diffi¬ 
culties  with  accompanying  delays.  Wherever  data  were  available  at  higher 
striking  velocities,  they  were  included  in  the  appropriate  sample.  A 
tabulation  of  the  data  is  presented  in  Appendix  XI;  the  tabulation 
reveals  instances  where  the  striking  velocity  of  the  fragment  is  as 
high  as  12,000  fps. 


Table  1 


Fragment  Materials  and  Densities 

Density 


Fragment  Material  ( lb/ft  ; 

uranium  1166 

tungsten  alloy  1050 

steel  (SAE  1020)  485 

aluminum  alley  (2024ST)  175 
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This  report  will  deal  primarily  with  a  comparison  of  the 
performance  of  tungsten  alloy  fragments  with  steel  fragments.  Data 
for  the  two  other  fragment  materials  are  included  wherever  possible  to 
furnish  additional  information.  Data  have  been  accumulated  for  all 
four  of  the  fragment  materials  impacting  on  aluminum  alloy  plates. 
Hitherto,  only  tungsten  alloy  and  steel  fragments  have  been  fired  at 
steel  plateg. 

In  Technical  Report  No.  36*,  a  method  is  described  for  obtain¬ 
ing  empirical  equations  from  residual  velocity  data  to  relate  residual 
velocity  to  impact  parameters.  The  type  cf  equation  proposed  is  of  the 
form: 

V  =  V  -  k  (eA)a  (sec  6)7  V  X 
r  s  s 

where  is  the  fragment  residual  velocity  in  feet  per  second, 

V,  is  the  fragment  striking  velocity  in  feet  per  second, 

e  is  the  plate  thickness  in  inches, 

A  is  the  average  impact  area  of  the  fragment  in  aquare  inches, 

m  is  the  weight  of  the  fragment  in  grains, 

e  is  the  angle  between  the  trajectory  of  the  fragment  and  the 
normal  to  the  plate,  and 

0,  r,  X  are  constants  that  are  determined  separately  for 
each  fragment-plats  combination., 

♦Ballistic  Analysis  Laboratory  Technical  Report  No.  36,  A  Study  of 
Residual  Velocity  Data  for  Steel  Fragments  Impacting  n,  *v,ur  Materials: 
Empirical  Relationships.  (U),  April  1958„  Confidential  Report.  /-[/?, ,/V  - 
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The  plate  Brinell  Hardness  Number  B  has  also  been  found  to 
be  a  useful  parameter. 

This  same  procedure  has  been  utilized  to  provide  analytical 
expressions  relating  to  each  of  the  following  fragment-plate  com¬ 
binations  : 

1.  uranium  fragments  ana  aluminum  alloy  plate, 

2.  tungsten  alloy  fragments  and  aluminum  alloy  plate, 

3-  aluminum  alloy  fragments  and  aluminum  alloy  plate, 

4.  tungsten  alloy  fragments  and  steel  plate.  100, 

5.  tungsten  alloy  fragments  and  steel  plate,  B  ~  300,  and 

6.  steel  fragments  and  steel  plate  of  various  hardnesses. 

The  empirical  equations  relating  to  steel  fragments  impacting 

on  aluminum  alloy  plate  have  already  been  discussed  in  Technical  Report 
No.  36. 

In  the  latter  report,  an  analysis  was  made  of  residual  velo¬ 
city  data  for  steel  fragments  impacting  on  mild  steel.  For  those  data, 
the  Brinell  Hardness  values  of  the  steel  plate  are  less  than  200.  Since 
the  publication  of  this  previous  report,  additional  data  on  steel  plates 
have  become  available  with  the  Brinell  range  for  the  plates  extending 
to  500.  The  effect  of  variation  in  hardness  of  plate  on  resistance  of 
steel  plates  to  perforation  by  steel  fragments  is  accounted  for  by  the 
insertion  in  the  basic  equation  of  the  factor  exp  (eB~  +  wB) .  The 
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form  of  this  factor,  which,  if  €  <  0,  has  a  maximum  at  B  «*  -  w/2e,  re¬ 
flects  the  fact  chat  maximum  resistance  occurs  for  an  intermediate 
value  of  B.  This  effect  is  not  considered  for  tungsten  alloy  frag¬ 
ments  impacting  on  steel  since  the  range  of  plate  hardness  in  the  data 
sample  is  small. 

All  constants  are  determined  by  application  of  the  method 
of  least  squares  to  the  linear  equation  relating  the  Briggs'  logarithms 

log  (V  -  V  )  -  log  k  +  a  log  (eA)  +  p  log  m  +  y  log  sec  0  +  X  log  V 

8  r  s 

+  G.4343  (eB2  +  wB) . 

It  should  be  noted  that  the  graphs  in  Appendix  VII  for 
steel  fragments  impacting  on  steel  plates  (B  «*  100)  do  not  coincide 
with  the  corresponding  graphs  for  "mild"  steel  plate  in  Technical 
Report  No.  36.  This  is  understandable  since  the  mild  steel  graphs  in 
the  latter  report  represent  a  compromise  in  plate  resistance  over  a 
considerable  range  in  plate  hardness  (BHN  80  -  200) . 
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DESCRI PTION  OF  MATERIALS 

In  the  firing  program,  the  steel  fragments  used  were  of 
SAE  1020  stock  with  a  surface  hardness  of  approximately  C-33  Rockwell. 

The  tungsten  alloy  fragments  were  obtained  from  two  sources, 
(1)  Fansteel  Metallurgical  Corp.,  Metals  and  Fabrication  Division, 

North  Chicago,  Illinois,  and  (2)  P.R.  Mallory  and  Co.,  Inc.,  Indianap¬ 
olis  6,  Indiana.  It  was  quickly  ascertained  by  test  firings  that  the 
respective  products,  Fansteel  77  and  Mallory  1000  are  nearly  alike  in 
ballistic  performance.  Each  of  these  products  is  an  alloy  containing 
approximately  89Z  tungsten,  7Z  nickel,  and  4 Z  copper.  The  alloy  is 
made  by  powder  metallurgy  and  has  about  the  same  tensile  strength  as 
the  best  grades  of  cold  dr  awn  steel.  It  is  non-rusting  and  non-magnetii 

The  material  designated  as  aluminum  alloy  in  this  report, 
whether  reference  is  made  to  fragments  or  plate,  is  more  precisely 
identified  as  2024ST. 

The  uranium  fragments  were  supplied  by  the  Dow  Chemical  Co., 
Rocky  Flats  Point,  Denver,  Colorado.  The  fragments  are  designated  by 
lot  nos.  703A,B,C,D;  D-38  Cylinder.  The  material  is  the  variety  of 
uranium  known  as  Tuballoy  or  depleted  uranium  with  less  than  0.13Z 
impurities.  For  the  purposes  of  this  report,  more  detailed  information 
on  the  material  characteristics  is  not  required. 
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EXAMI NATION  OF  RECOVERED  FRAGMENTS 

In  many  instances,  it  has  been  possible  to  recover  the  frag¬ 
ments  after  impact.  These  fragments  have  been  mounted  on  panels  with 
related  information  attached.  Photographs  of  these  panels  are  presented 
in  Appendix  X.  For  simplicity,  both  the  weight  m.  of  the  largest  piece 
of  the  recovered  fragment  and  the  total  weight  m^  of  all  the  pieces  of 
recovered  fragment  are  supplied,  rather  than  the  weight  of  each  individ¬ 
ual  piece.  In  some  instances  of  fragment  break-up,  several  pieces  of 
the  original  fragment  were  found.  The  photographs  are  helpful  in  point¬ 
ing  out  the  phenomenon  of  fragment  break-up  and  the  inherent  loss  in 
weight  of  a  fragment  during  perforation.  However,  it  is  regretted  that 
the  full  impact  of  the  use  of  these  photographs  is  not  rendered  since 
the  extrema  instances  of  fragment  break-up  (i.e.,  shatter)  cannot  be 
recorded  in  this  manner. 

The  photographs  readily  reveal,  for  example,  that  break-up 
is  a  more  serious  matter  for  impacts  on  hard  steel  than  for  comparable 
conditions  of  impact  on  aluminum  alloy  or  soft  steel.  However,  for  a 
quantitative  analysis  of  fragment  losa-in-weight  during  perforation,  a 
systematic  laboratory  program  is  needed.  The  damage  capacity  of  spall 
fragments  can  be  investigated  simultaneously.  Useful  laboratory  data 
along  these  lines  will  be  difficult  tc  obtain,  and  new  measuring  tech¬ 
niques  may  be  required.  Nevertheless,  the  need  for  such  data  is  clear. 
The  impact  phenomenon  of  fragment  on  plate  can  then  be  more  fully 
evaluated. 
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TECHNIQUE  FOR  COMPARING  FRAGMENT  MATERIALS 

The  plan  which  is  being  to  provide  a  comparison  of 

fragment  materials  is: 

1.  Adopt  an  appropriate  criterion  as  a  basis  for  comparison 
of  fragment  materials. 

2.  Develop  empirical  equations  for  estimating  fragment 
residual  velocity  as  a  function  of  the  impact  parameters 
for  each  fragment-plate  combination. 

3.  With  the  use  of  the  empirical  equations ,  prepare  set  ;  of 
graphs  relating  selected  pairs  of  impact  parameters. 

4.  Examine  corresponding  values  on  these  sets  of  graphs  for 
fixed  nets  of  conditions  imposed  by  the  criterion  adopted 
in  (1).  Compare  these  values  in  some  methodical  fashion. 

Many  criteria  are  conceivable  for  use  in  comparing  the  per¬ 
formance  of  fragment  materials.  Three  criteria  are  selected  here  for 
discussion. 

1.  The  weights  and  impact  areas  of  the  fragments  of  the 
various  materials  are  held  constant. 

2.  The  shapes  and  volumes  of  the  fragments  of  the  various 
materialls  are  held  constant. 

3.  The  weights  and  shapes  of  the  fragments  of  the  various 
materials  are  held  constant. 
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To  adopt  the  first  method,  it  would  be  necessary  to  compare 
the  performance  of  fragments  of  different  shapes,  e.gr,  compact  tungsten 
alloy  fragments  with  pencil-shaped  steel  fragments.  This  would  provide 
an  unwarranted  advantage  to  the  fragments  of  low  density. 

The  second  criterion  implies  that  the  weight  consideration  is 
not  important,  and  unrealistically  provides  an  undue  advantage  to  the 
fragment  materials  of  high  density. 

The  third  criterion  is  adopted  for  use  since,  with  this 
method,  the  effect  of  confining  the  impact  "energy”  in  a  smaller  package 
will  be  noted. 

The  analytical  expresaions  developed  for  the  six  new  frag¬ 
ment-plate  combinations  are  given  in  Tables  2 a  and  2b. 

The  emph&uie  in  all  of  the  criteria  mentioned  above  is  on 
fragment  velocity.  Under  the  adopted  criterion,  the  "better"  fragment 
material  is  the  one  for  which  the  fragment  requires  a  lower  velocity  to 
parforate  a  given  thickness  of  plate  material,  or  it  is  the  one  for  which 
a  greater  residual  velocity  is  to  be  expected,  granted  that  perforation 
takes  place.  Yet  this  is  not  the  complete  story.  The  residual  weight 
of  the  fragment  after  impact  is  also  an  important  feature.  It  has  not 
yet  been  established  that  the  "better"  fragment  under  the  criterion 
adopted  above  is  also  the  fragment  which  can  be  expected  generally  to 
have  the  greater  damage  potential  after  impact.  A  detailed  study  of 
fragment  residual  weight  is  required  before  any  conclusions  in  this 
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EMPIRICAL  FORMULAE  FOR  PREDICTING  RESIDUAL  VELOCITY 
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respect  can  be  reached.  A  more  realistic  criterion  would  combine  the 
weight  and  velocity  concepts  so  that  the  better  fragment  would  be 
chosen  as  that  fragment  with  the  greater  capacity  for  damage  after  per¬ 
forating  a  given  barrier.  This  criterion  implies  an  optimum  combination 
of  weight  and  velocity  reductions  after  impact. 

To  execute  the  plan  outlined  above  it  has  been  found  expedient 
to  introduce  new  symbols;  these  are: 

(V  )  ,  the  residual  velocity  (fps)  for  a  tungsten  alloy 

IT  W 

fragment, 

(V  )y,  the  residual  velocity  (fps)  for  a  uranium  fragment, 
(Vr)AA,  the  residual  velocity  (fps)  for  an  aluminum  alloy 
fragment,  and 

(V  )  ,  the  residual  velocity  (fps)  for  a  steel  fragment, 
r  j 

In  a  similar  manner  (V  )..,  for  example,  will  be  the  value  of  V  for  a 

o  U  o 

uranium  fragment. 

The  symbol  is  used  to  denote  the  value  of  the  striking 

velocity  V  obtained  in  the  empirical  formulas  by  setting  the  residual. 

velocity  V  equal  to  *ero.  It  has  been  found  that  the  V  values  serve 
r  o 

as. good  analytical  approximations  to  protection  velocities.  The 

protection  velocity  lg  defined  to  be  the  highest  striking  velocity 

below  the  ballistic  limit  for  which  the  probability  of  perforating  a 

given  target  is  zero.  The  analytical  expressions  for  V  are  given  in 

o 

Tables  3a  and  3b. 
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Many  of  the  terms  and  techniques  introduced  here  are  dia-  „ 
cussed  in  greater  detail  in  the  previous  technical  report  (No.  36)  on 
penetration  by  steel  fragments. 

For  each  fragment-plate  combination  two  seta  of  graphs  ere 
provided.  The  first  set  relates  V^/V^  to  for  nine  combinations  of 
fragment  weight  and  obliquity.  The  second  set  of  graphs  relates  Vq 
to  fragment  weight  for  selected  plate  thicknesses.  It  is  to  be  under¬ 
stood  that  both  of  these  sets  of  graphs  refer  to  the  box-on-cylinder 
shape  fragment  as  used  in  BRL  experiments.  For  a  fixed  shape  of  frag¬ 
ment,  it  is  possible  to  simplify  the  formulas  by  replacing  the  impact 

parameter  A  by  a  suitable  function  of  the  fragment  weight  m.  The 

2/3 

function  used  is  of  the  form  cm  f  where  c  depends  on  the  fragment 
material. 

An  examination  of  values  on  corresponding  graphs  in  each  3et 
for  the  four  fragment  materials  provides  a  basis  for  compering  the  per¬ 
formances  of  the  four  materials  in  a  quantitative  manner.  For  selected 

combinations  of  impact  parameters,  the  ratios  of  (V  )  /(V  )  and 

r  x  it  Sr 

(VoV(Vs  Can  obtained  f°r  ®ach  fragment  material  (X).  Each  6f 
these  ratios,  called  R  and  r  respectively,  is  averaged  over  a  selection 
of  values  of  fragment  weight;  thus  R  and  r,  the  averages,  depend  only 
on  obliquity  and  thickness  for  each  combination  of  fragment  type  and 
plate  material  X.  The  combinations  of  values  of  obliquity  and  thickness 
are  selected  so  that  (Vf)g  >  1000  fps  for  the  sampling  of  R  values  while 
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(V  )_  >  400  fps  for  the  sampling  of  r  values.  These  restrictions  on 
o  b  ~ 

(V  )_  and  (V  )_,  are  needed  in  order  to  ensure  that  the  individual 
o  S  r  o 

ratios  r  and  R  be  reasonably  close  to  r  and  R  respectively.  Furthermore, 

the  relative  error  in  the  estimate  for  V  increases  rapidly  as  V 

o  o 

approaches  zero.  Finally,  impact  conditions  for  which  0  <  V  <  400 

—  o  — 

are  of  relatively  minor  military  significance. 

The  significance  of  a  value  of  r  greater  than  or  less  than 
unity  is  easily  determined.  For  example,  if  r  =*  2  for  a  given  set  of 
impact  conditions,  the  interpretation  is  that  a  fragment  of  material  X 
requires  twice  as  much  velocity  to  perforate  the  plate  as  the  minimum 
velocity  required  for  perforation  by  a  steel  fragment.  For  this  situ¬ 
ation,  the  conclusion  follows  that  the  fragment  of  the  material  in 
question  is  inferior  to  the  corresponding  steel  fragment.  A  value  of 
r  of  unity  would  indicate  that  the  fragments  of  both  materials  are  per¬ 
forming  equally. 

The  significance  of  a  value  of  R  greater  than  or  less  than 
unity  can  also  be  quickly  established.  Suppose  R  ■  2  for  a  given  set 
of  conditions.  The  interpretation  is  that  the  fragment  of  the  material 
in  question  will  have  twice  the  residual  velocity  after  impact  as  that 
of  a  steel  fragment.  For  this  situation,  the  conclusion  follows  that  the 
fragment  of  the  material  in  question  is  superior  to  the  corresponding 
steel  fragment.  A  value  of  R  of  unity  would  indicate  again  that  the 
fragments  of  both  materials  are  performing  equally. 
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The  comparison  using  r  and  R  is  always  made  with  respect  to 
steel  fragments.  The  reasons  for  this  choice  are  (1)  steel  is  the 
classical  material  in  use  for  fragments,  and  (2)  more  is  known  about 
the  performance  of  steel  fragments  than  the  fragments  of  other  materials 
since  more  data  on  steel  fragments  are  available. 

Other  sets  of  graphs  have  also  been  found  useful  in  comparing 
the  performance  of  the  four  fragment  materials,  ^nr  each  target  plate, 
the  residual  velocity  has  been  plotted  against  plate  thickness  for  se¬ 
lected  combinations  of  fragment  weight,  obliquity,  and  striking  veloc¬ 
ity.  In  addition,  the  plate  thickness  has  been  plotted  against  frag¬ 
ment  weight  for  selected  values  of  V  and  obliquity.  The  advantage 
to  be  gained  by  the  use  of  these  3ets  of  graphs  is  that  one  can  quickly 
determine  the  order  of  superiority  of  the  fragment  materials  since  it 
is  possible  to  have  a  separate  contour  for  each  fragment  material  on 
each  graph.  A  fragment  material  X  is  considered  to  be  superior  to  another 
fragment  material  Y  if  for  a  given  target  plate,  fragment  weight, 
obliquity,  and  striking  velocity,  X  will  have  more  residual  velocity 
than  Y.  Similarly,  X  is  considered  to  be  superior  to  Y,  if,  for  a 
given  plate  material,  fragment  weight,  obliquity,  and  V  ,  X  is  found 
to  be  capable  of  penetrating  a  greater  thickness  of  the  target  than  Y. 
Emphasis  is  placed  on  the  understanding  that  the  criterion  for  compari¬ 
son  requires  that  fragments  of  the  different  materials  be  of  equal 
weight  and  of  the  same  shape. 
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EMPIRICAL  EQUATIONS;  GOODNESS  OF  FIT 


The  criterion  for  goodness  of  fit  of  the  analytical  expres¬ 
sions  developed  is  the  magnitude  of  o  defined  below.  If  (V^  c)^  and 

(V  )  are,  respectively,  the  calculated  and  the  experimental  residual 
r  1 6  x 

t  h 

velocities  corresponding  to  the  (i)  set  of  N  sets  of  conditions,  then 


o  “ 


It  is  understood  that  the  selection  of  fit  is  made  to  correspond  with 
the  lowest  observed  value  of  a. 

The  bias  of  the  estimating  equation  is  measured  by  b  defined 
as  follows:  .. 


b  - 


I  Ke>,  -  <V>i 

i«l _ 

N 


An  effort  is  made  to  adjust  the  final  choices  of  the  coefficient  and 
exponents  in  the  formulas  so  that  the  bias  is  reasonably  close  to 
aero. 

A  listing  of  the  values  of  b  and  a  for  the  empirical  equations 
for  determining  for  each  of  the  fragment-plate  combinations  is 
given  in  Table  A, 
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CONCLUSIONS 

1.  Comparison  of  Performance  of  Fragments  Impacting  on  Aluminum  Alloy 
Plate 

For  this  situation,  the  comparison  graphs  suggest  the  follow¬ 
ing  order  in  the  performance  of  the  fragment  materials. 

1,  2.  uranium  and  tungsten  alloy 

3.  steel 

4.  aluminum  alloy 

This*  ordering  is  preserved  for  all  obliquities  and  fragment 
sizes  considered.  Furthermore,  the  ordering  is  the  same  whether  resid¬ 
ual  velocity  or  protection  velocity  be  used  as  the  criterion. 

The  two  dense  materials,  uranium  and  tungsten  alloy,  behave 
remarkably  alike  and  the  distinctions  to  be  noted  are  of  minor  consid¬ 
eration.  At  low  velocities  (  ~  2000  fps)  the  uranium  fragments  appear 
slightly  better.  This  superiority  vanishes  as  the  striking  velocity 
increases  until,  at  higher  velocities  (  6000  fps) ,  the  tungsten 

alloy  fragments  appear  superior.  Although  uranium  is  about  10%  more 
dense  than  tungsten  alloy,  this  uranium  product,  at  least,  is  probably 
more  frangible  as  well. 

As  the  obliquity  increases  with  the  plate  thickness  remain¬ 
ing  constant,  the  superiority  of  the  denser  fragment  materials  over 
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steel  becomes  Increasingly  pronounced. 

The  superiority  of  steel  fragments  over  aluminum  alloy  frag¬ 
ments  is  readily  apparent  over  the  entire  observed  range  of  impact 
parameters.  Oddly  enough,  this  degree  of  superiority  does  not  vary 
much  with  a  change  in  obliquity.. 

These  observations  hold  whether  residual  velocity  or  protec¬ 
tion  velocity  be  taken  as  the  criterion. 

2,  Comparison  of  Performance  of  Fragments  Impacting  on  Steel  Plate 
(B  -  100) 

For  this  case,  only  two  fragment  materials  are  considered, 
tungsten  alloy  and  steel. 

Whether  residual  velocity  or  protection  velocity  be  taken 
as  the  criterion,  the  tungsten  alloy  fragments  appear  at  least  as  good 
as  or  superior  to  the  steel  fragments  over  the  entire  observed  velocity 
range.  The  degree  of  superiority  increases  markedly  with  an  increase 
in  obliquity. 

3.  Comparison  of  Performance  of  Fragments  Impacting  on  Steel  Plate 
(B  -  300) 

Again,  two  fragment  materials  are  considered:  namely, 
tungsten  alloy  and  steel. 

Whether  protection  velocity  or  residual  velocity  be  taken 
as  the  criterion,  the  tungsten  alloy  fragments  are  generally  superior 
with  the  degree  of  superiority  increasing  with  obliquity. 
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4.  (Comparison  Summary 

In  comparing  the  performance  of  different  fragment  materials 
the  weights  and  shapes  of  the  fragments  of  these  materials  are  held 
constant.  Under  these  conditions,  tungsten  alloy  fragments  have  gen¬ 
erally  performed  to  advantage  over  steel  fragments  for  all  plate  ma¬ 
terials  and  Impact  parameters  considered. 

With  respect  to  aluminum  alloy  plate,  uranium  fragments 
have  been  found  to  perform  equally  well  with  the  tungsten  alloy  frag¬ 
ments,  suggesting  that  density  is  an  important  property  of  fragment 
materials. 

Steel  fragments  have  appeared  superior  to  aluminum  alloy 
fragments  throughout  the  observed  range  of  impact  conditions. 

5.  Other  Comments 

Since  the  dense  materials  were  selected  in  the  experimental 
work  for  their  high  density  and  not  because  of  any  other  attribute,  it 
is  likely  that  a  dense  material,  selected  for  some  additional  quality 
as ,  for  example,  tensile  strength,  will  compare  even  more  favorably 
with  steel.  It  has  been  remarked  that  the  degree  of  superiority  of 
the  tungsten  alloy  fragments  over  steel  fragments 'is  somewhat  lessened 
as  the  target  plate  material  becomes  tougher.  One  plausible  reason 
for  this  effect  is  that  there  have  been  more  instances  of  fragment 
break-up  against  the  more  resistant  plate  materials.  If  this  tendency 
can  be  checked  by  the  use  of  dense  fragments  of  some  other  material, 
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it  my  become  possible  to  achieve  an  even  greater  degree  of  superiority 
over  steel  fragments.  Instances  of  fragment  break-up  against  aluminum 
alloy  plate  were  not  frequent  for  the  impact  conditiona  investigated. 

In  Technical  Report  No.  36  one  conclusion  asserted  that  a 
■Ingle,  simple,  exponential  type  formula  had  been  found  adequate  to 
predict  satisfactory  estimates  of  fragment  residual  velocity  for  steel 
fragments  impacting  on  any  one  of  four  materials.  This  conclusion 
can  be  extended  by  the  additional  analyses  made  in  the  preeant  report. 
Furthermore,  the  conclusion  can  refer »as  well,  to  fragments  other  than 
steel.  A  sample  site  of  thirty  data  points  spanning  the  range  of 
Interest  of  the  individual  impact  parameters  seems  to  be  sufficient 
to  establish  the  identity  of  a  working  set  of  constants  for  the  type 
of  empirical  formula  proposed. 

In  the  process  of  carrying  out  the  procedure  outlined  for 
comparing  fragment  materials,  it  has  been  necessary  to  obtain  several 
useful  empirical  equations  which  permit  the  outcome  of  the  impact  of 
fragments  on  certain  plate  materials  tc  be  anticipated.  The  most 
notable  of  the  developed  equations  is  probably  the  ona  containing  a 
plate  hardness  parameter;  the  equation  refers  to  steel  fragments  im¬ 
pacting  on  steel  plate.  This  technique  can  be  employed  for  other  alloys 
which  vary  in  hardness  while  retaining  essentially  the  same  density, 
e.g.,  aluminum  alloys  2S0,  24  ST,  and  75  ST. 

In  retrospect,  fragments  of  the  dense  materials,  tungsten 
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alloy  and  uranium,  have  performed  better  than  steel  fragments  under 
the  aomewhat  arbitrary  but  practical  criteria  chosen.  The  selection 
of  an  optimum  fragment  material  is  not  the  purpose  of  the  present  re¬ 
port.  Design  and  economic  aspects  will  influence  the  future  course  of 
action.  Additional  experimentation  has  already  been  proposed  to  BRL 
for  the  ballistic  testing  of  tungsten  carbide  fragments.  Particular 
care  will  be  placed  on  observations  of  the  break-up  of  this  material. 

A  more  complete  comparison  of  the  performance  of  fragment 
materials  can  be  achieved  if  a  companion  effort  is  made  to  analyze 
impact  data  on  the  residual  weight  of  fragments.  One  should  then  be 
in  a  better  position  to  estimate  the  capacity  of  damage  by  a  fragment 
on  a  primary  target  partially  or  wholly  protected  by  some  intermediate 
barrier.  Useful  additional  residual  velocity  data  can  be  obtained  si¬ 
multaneously.  Observations  of  recovered  fragments  «how  that  In  some 
instances  the  fragment  remains  relatively  intact,  while  for  other  im¬ 
pact  conuitions  no  trace  of  the  original  fragment  can  be  found  even 
though  the  fragment  haB  perforated  the  plate.  In  Appendix  X,  photo¬ 
graphs  of  recovered  fragments  are  presented  for  various  fragment-plate 
combinations.  These  photographs  do  not  in  themselves  reveal  the  extent 
of  the  break-up  phenomenon,  since  in  cases  of  shatter  it  was  difficult 
or  impossible  to  recover  any  remnant  of  the  fragment. 
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APPENDIX  I 

Tungsten  Alloy  Fragments  vs  Aluminum  Alloy  Piste 


Residual  Velocity/Striking  Velocity  vs  Striking  Velocity 
for  Selected  Plate  Thicknesses 
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Residuqi  Velocity,  ys  striking  Velocity 
Striking  Velocity 

for  Selected  Plate  Thicknesses 

Piate  Material: Aluminum  Alloy  Fragment: 

Obliquity :60°  Type:  BRL  Pre-fcrmed 

Material : Tungsten  Alloy 
Size :  30  grain* 
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Residuol  Velocity  vs  s}r|k|ng  Velocity 
Striking  Velocity 

for  Selected  Plate  Thicknesses 


Plate  Material:Aluminum  Alley 
Obliquity  :70° 


Fragment : 

Type:  BRL  Pre-formed 
Material :  Tungsten  Alloy 
Size  :30  grains 
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Residuol  Velocity 
Striking  Velocity 


vs  Striking 


Velocity 


for  Selected  Plate  Thicknesses 


Plate  Material:  Aluminum  Alloy  Fragment: 

Obliquity :0°  Type;  BRL  Pre-formed 

Material :  Tungsten  Alloy 
Size  :|00  grains 


Vf =500  V,*IOOO  V  ''•''00  Vf  =3000  Vr*400Q  Vf=5000 


2000 


3000  4000 
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vs  Striking  Velocity 


Residuol  Velocity 
Striking  Velocity 

for  Selected  Plate  Thicknesses 


Plate  Material:  Aluminum  Alloy  Fragment: 

Obliquity :  60®  Type:  BRL  Pre-formed 

Material :  Tungsten  Alloy 
Size :  100  grains 
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"«!?uql  .^el0-c.!ly-  vs  Striking  Velocity 

Striking  Velocity  *  7 

for  Selected  Plote  Thicknesses 

Plate  Material:  Aluminum  Alloy  Kragment: 

Obliquity :  70®  Type:  8R  L  Pre-formed 

Material :  Tungsten  Alloy 
Size:ioo  grains 


CONFIDENTIAL 
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Residual  Velocity  _  . . 

Striking  Velocity  VS  S,rlkln9  Velocity 

for  Selected  Plate  Thicknesses 


Plate  Material:  Aluminum  Alloy 
Obliquity :  O* 


Fragment : 

Type:  BRL  Pre-formed 
Material :  Tungsten  Alloy 
S'ze  ^300  Qrains 


Vr=500  Vf  =  1000  Vf  *2000  V,=3000  V,  =  4000  V  = 
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Residual  Velocity 
Striking  Velocity 


vs  Striking  Velocity 


for  Selected  Plate  Thicknesses 


Plate  Materiel:  Aluminum  Alloy  Fragment  : 

Obliquity:  TVPe:  B  R  L  Pre-formed 

Material :  Tungsten  Alloy 
Sl?e  :300Qfolns 
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Residua  Velocity  _ 

--;- - — — j — rr1-  vs  oirlning  Velocity 

Striking  Velocity  *  7 

for  Selected  Plate  Thicknesses 


Plate  Material:  Aluminum  Alloy 
Obliquity  :  70° 


Fragment : 

Type:  BRL  Pre-formed 
Material :  Tungsten  Alloy 
Size  :300Qrain* 


V,=500  V,  =  l000  V,  =2000  V.  =3000  V=4000  Vf*5000 


0  1000  2000  3000  4000  5000  6000 


v,(?  ps ) 
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APPENDIX  I 


Tungsten  Alloy  Fragments  vs  Aluminum  Alloy  Plate 


V  vs  Fragment  Weight  for  Selected  Plate  Thicknesses 
o 


CONFIDENTIAL 


CONFIDENTIAL 


Vo  vs  Fragment  Weight 
for  Selected  Plate  Thicknesses 


Plate  Material:  Aluminum  Alloy 

Obliquity  :  0° 


CONFIDENTIAL 


APPENDIX  I 

Tungsten  Alloy  Fragments  v»  Aluminum  Alloy  Plate 


(VQ)W  /  (v0)g  v"  Plate  Thickness  for  Selected  Obliquitie 
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' \0y 
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Gomparison  of  Steel  f  Tungsten  Fragments 
Impacting  on  Aluminum  Alloy  Plate 


r  vs  0  for  Three  Obliquities 


NOTE  : 


I  ,r 


r(Vo)w 


2.7  is  f he  Average  of  the  Values  of  t 
Corresponding  to  Selected  Values  of 
Fragment  Weights  for  Any  Given  Set 
of  Values  of  Obliquity  and  Material  Thickness 


3. Parameter  Combinations  Selected  to  Meet 
the  Requirement  that  (V©)«  2!  400  fps 


1.00 


.2  .3  .4  .5  .6  .7  .8 

clinches  of  Aluminum  Alloy) 
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APPENDIX  I 

Tungsten  Alloy  Fragments  vs  Aluminum  Alloy  Plate 

(Vr)w  /  (vr)g  vs  Plate  Thickness  for  Selected  Obliquities 


CONFIDENTIAL 


CONFIDENTIAL 


Comparison  of  Steel ,  Tungsten  Fragments 
Impacting  on  Aluminum  Alloy  Plate 


R  vs  e  for  Three  Obliqui*1  , 


NOTE;  i.R= 


(Vr)w 

(Vr)» 


2.R  is  the  Average  of  the  Values  of  R  for 
Various  Fragment  Weights  and  Striking 
Velocities i  thus  R  Depends  Only  on  e 
and  9 


3. Parameter  Combinations  Selected  to  Meet 
the  Requirement  that  (Vr)t>  IOOO  fps 


CONFIDENTIAL 


CONFIDENTIAL 


APPENDIX  II 

Uranium  fragments  vs  Aluminum  Alloy  Plate 


A.  Residual  Velocity/Striking  Velocity  v*  Striking  Velocity 
for  Selected  Plate  Thicknesses 


CONFIDENTIAL 
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CONFIDENTIAL 


Residuol  Velocity.  vs  str|king  velocity 
Striking  Velocity 

for  Selected  Plate  Thicknesses 


Plate  Material: Aluminum  Alloy  Fragment: 

Obliquity  .0*  Type:  BRL  Pre-formed 

Material : Uranium 
Size :  30  grains 


Vf=500  Vr»IOOO 


Vf  *2000  Vf  =3000 


VrE  4000  Vr=  5000 


6000 
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Rssiduoi  Velocity  vs  strjking  Velocity 
Striking  Velocity 

for  Selected  Plats  Thicknesses 

Plate  Material: Aluminum  Alloy  Fragment: 

Obliquity: 60°  Type:  BRL  Pre-formed 

Material :  Uranium 
Size :  30  grains 


CONFIDENTIAL 
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Rflglduol  Velocity 
Striking  Velocity 


vs  Striking  Velocity 


for  Selected  Piate  Thicknesses 


Plate  Material: Aluminum  Alloy  Fragment: 

Obliquity  :  70*  Type:  BRL  Pre-formed 

Material : Uranium 
Size  :  30  grains 


V, =500  V,  =  iOOO  Vf  =2000  Vf=3000  Vf  =  4000  \^=5000 
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Residue  Velocity  vs  Sfrjk{  v/  (  jf 
Striking  Velocity  *  7 

for  Selected  Plate  Thicknesses 


Plate  Material:  Aluminum  Alloy 
Obliquity  :0° 


Fragment : 

Type:  BRL  Pre-formed 
Material  :(jranium 
Size  :|00  grains 


vr=500  Vr-IOOO  Vf  =2000  Vf=3000  V,*4000  Vr*5000 
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Residuoi  Velocity  vs  striking  Velocity 
Striking  Velocity 

for  Selected  Plate  Thicknesses 


Plate  Material: Aluminum  Alloy  Fragment: 

Obliquity :60°  Type:  BRL  Pre-formed 

Material :  Uranium 
Size  :  IOO  grains 


V,=500  Vr*IOOO  Vf  =2000  Vf=3000  Vr  =  4000  Vf«  5000 
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Bjaiduoi  Velocity  vs  striking  Velocity 
Striking  Velocity 

for  Selected  Plate  Thicknesses 

Plate  Material :Aluminum  Alloy  Fragment  : 

Obliquity :70°  Type:  brl  Pre-formed 

Material  :Uranium 
Size  MOO  grains 


Vs(f  p*) 
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CONFIDENTIAL 


Residua!  Velocity  vs  striking  Velocity 
Striking  Velocity 

for  Selected  Plate  Thicknesses 


Plate  Materia(:Aluminum  Alloy 
Obliquity  .0° 


Fragment : 

Typs:  BRL  Pre-formed 
Material  :Uranium 
Size  :300  grains 


Vf  =500 


Vf  =  IOOO 


Vf  *2000  Vr  =  3000 


Vr=  5000 
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vs  Striking  Velocity 


Residual  Velocity 
Striking  Velocity 
for  Selected  Plate  Thicknesses 


Plate  Material: Aluminum  Alloy  Fragment: 

Obliquity :  so®  Type:  BRL  Pre-formed 

Material :  Uranium 
Size  :300  grains 


Vf  (f  ps ) 
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Residuoi  Velocity  vs  striking  Velocity 
Striking  Velocity 

for  Selected  Plate  Thicknesses 

Plate  Material:  Aluminum  Alloy  Fragment: 

Obliquity  :  70°  Type:  BRL  Pre-formed 

Materiel : Uranium 
Size  :3009ra,r)S 


Vf=500  Vf  =  1000  Vf  *2000  Vf=3000  Vr«4000  Vr=  5000 


CONFIDENTIAL 
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APPENDIX  II 

Uranium  Fragments  vs  Aluminum  Alloy  Plate 

vs  Fragment  Weight  for  Selected  Platt  Thicknesses 
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Vo  vs  Fragment  Weight 
for  Selected  Plate  Thicknesses 

Plata  Material:  Aluminum  Alloy  Fragment: 

Obliquity  :  60°  Type:  8  R  L  Pr« -formed 

Material:  Uranium 
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Vo  vs  Fragment  Weight 
for  Selected  Plate  Thicknesses 

Plate  Material:  Aluminum  Alloy  Fragment: 

Obliquity:  70°  Type:  B  R  L  Pre-formed 

Material:  Uranium 


10  20  do  50  70  100  200  300  400 


m(grains) 
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APPENDIX  II 

Uranium  Fragments  vs  Aluminum  Alloy  Plate 

/  (VQ)^  vs  Plate  Thickness  for  Selected  Obliquities 


CONFIDENTIAL 


CONFIDENTIAL 


Comparison  of  Steel, Uranium  Fragments 
Impacting  on  Aluminum  Alloy  Plate 

F  vs  e  for  Three  Obliquities 

NOTE  :  I  .r 

(Vo), 


2.r  is  the  Average  of  the  Volues  of  r 
Corresponding  to  Selected  Values  of 
Fragment  Weights  for  Any  Given  Set 
of  Values  of  Obliquity  and  Material  Thickness 


3. Parameter  Combinations  Selected  to  Meet 
the  Requirement  that  (Vo),  >  400  fps 


CONFIDENTIAL 


CONFIDENTIAL 
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APPENDIX  II 

Uranium  Fragments  vs  Aluminum  Alloy  Plate 


(Vr)y  /  (vr)s  vs  Plate  Thickness  for  Selected  Obliquities 


CONFIDENTIAL 


CONFIDENTIAL 


Comparison  of  Steel ,  Uranium  Fragments 
Impacting  on  Aluminum  Alloy  Plate 

R  vs  e  for  Thres  Obliquities 

NOTE:  I  ■R=,"rry~ 

\Vr)e 

2 .  R  is  the  Average  of  the  Values  of  R  for 
Various  Fragment  Weights  and  Striking 
Velocities;  thus  FT  Depends  Only  on  e 
and  8 

3.  Parameter  Combinations  Selected  to  West 
the  Requirement  that  (Vr),£  IOOO  fps 
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APPKVDIX  III 

Alundnum  Alloy  Fragment a  va  Aluminum  Alloy  Plata 


A.  Residual  Velocity/3triking  Velocity  ve  Striking  Velocity 
for  Selected  Plate  Thiekneeaea 
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Residual  Velocity  vs  striking  Velocity 
Striking  Velocity 

for  Selected  Plate  Thicknesses 

Plate  Material:  Aluminum  Alloy  Fragment: 

Obliquity :0°  Type:  SRL  Pra-formsd 

Moterial :  Aluminum  Alloy 
Size :  30  grains 


Vr=500  Vr  =  IOOO  Vf  =2000  Vf=3000  Vr  =  4000  Vr«5000 


CONFIDENTIAL 


CONFIDENTIAL 
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Kesiduol  Velocity  vs  stewing  Velocity 
Striking  Velocity 

for  Selected  Plate  Thicknesses 


Plate  Material:  Aluminum  Alloy  Fragment: 

Obliquity:  TO®  Type:  BRL  Pre-formed 

Material :  Aluminum  Alloy 
Size  :  30  grains 


Vf=500  Vr  =  IOOO  Vf  *2000  V,  *3000  Vr  =  4000  Vr«  5000 

in  _ _ 


0  1000  2000  3000  4000  5000  6000 


V,  (f  ps ) 
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Reslduol  Velocity 
Striking  Velocity 
for  Selected 


vs  Striking  Velocity 
Plate  Thinnesses 


Plate  Material:  Aluminum  Alloy 
Obliquity  :0° 


Fragment : 

BRL  Pr» -formed 
Mai«r?Gi :  Aluminum  Alloy 
Size :  IOO  grains 


CONFIDENTIAL 


CONFIDENTIAL 
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Residuoi  Velocity  striking  Velocity 

Striking  Velocity  * 

for  Selected  Plate  Thicknesses 


Plate  Material:  Aluminum  Alloy 

0*:Mquity:  60° 


Fragment : 

Type:  BRL  Pre-formed 
Material :  Aluminum  Alloy 
Size :  100  grains 


v  =500  V^-IOOO  Vf  *2000  Vf»3000  Vr«4000  Vr«5000 
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Residual  Velocity  vs  striking  Velocity 
Striking  Valocity 

for  Selected  Plate  Thicknesses 

Plate  Material; Aluminum  Alloy  Fragment: 

Obliquity :0°  Type:  BRL  Pre-formed 

Material :  Aluminum  Alloy 
Size  :300  grains 


Vf-500  V,  =  IOOO  Vf  =2000  V,=3000  Vr  =  4000  Vr»5000 
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Residual  Vgioctty  vs  striking  Velocity 
Striking  Velocity 

for  Selected  Plate  Tnicknesses 


Plate  Material:  Aluminum  Alloy 
Obliquity ;  60** 


Fragment : 

Type:  BRL  Pre-formed 
Materiol :  Aluminum  Alloy 
Size  :300  groins 


Vf =500  Vr*IOOO  Vf  =2000  Vf*3000  Vr  =  4000  Vf*5000 
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Residuol  Velocity  vs  str|king  Velocity 
Striking  Velocity 

for  Selected  Plate  Thicknesses 

Plate  Material:  Aluminum  Alloy  Fragment: 

Obliquity 70°  Type:  BRL  Pre-formed 

Materia! :  Aluminum  Alloy 
Size  :3009rains 
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BEST  AVAILABLE  COPY 
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APPENDIX  III 

Aluminum  Alloy  Fragments  va  Aluminum  Alloy  Plata 


(V )  /  (V  )  ve  Plata  Thickness  for  Selected  Obliquiti 

O  AA  O  j 
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APPENDIX  III 

Aluminum  Alloy  Fragments  vs  Aluminum  Alloy  Plate 


D*  ^Vr^AA  ^  ^Vr^S  vs  Plate  Thickness  for  Selected  Obliquities 
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Comparison  of  Steel,  Aluminum  Alloy  Fragments 
Impacting  on  Aluminum  Alloy  Plate 

R  vs  e  for  Three  Obliquities 


NOTE  :l.  R 


(Vr  )a  A 
(V  r)  g 


2. E  is  the  Average  of  the  Values  of  R  for 
Various  Fragment  Weights  and  Striking 
Velocities  t  thus  T?  Depends  Only  on  e 
and  8 


3.  Parameter  Combinations  Selected  to  Meet 
the  Requirement  that  (Vr)s2t  IOOO  fps 


e(inches  of  Aluminum  Alloy) 
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APPENDIX  IV 

Comparison  of  the  Performance  of  Fragments  of  Four  Materials 
Impacting  on  Aluminum  Alloy 


A.  Residual  Velocity  vs  Plate  Thickness  for  Selected 
Combinations  of  Fragment  Weight, 

Angle  of  Obliquity,  and  Striking  Velocity 
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CONFIDENTIAL 


Residual  Velocity  vs  Plate  Thickness 
for  Selected  Combinations  of  Fragment  Weight, 
Angle  of  Obliquity ,  and  Striking  Velocity 


Plate  Material:  Aluminum  Alloy 
Obliquity:  0° 

Striking  Velocity :  3000  fps 


Fragment : 

Type:  B  R  L  Pre-formed 
Size:  30  grains 
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Residual  Velocity  vs  Plata  Thickness 
for  Selected  Combinations  of  Fragment  Weight, 
Angle  of  Obliquity ,  and  Striking  Velocity 


Plcffl  Material;  Aluminum  Alloy 
Obliquity:  60° 

Striking  Velocity:  3000  fps 


Fragment : 

Type:  B  R  L  Pre-formed 
Size:  30  grains 


3000 


2  000 


vr(fps) 


1000 


e  (inches) 
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Residual  Velocity  vs  Plate  Thickness 
for  Selected  Combinations  of  Fragment  Weight, 
Angle  of  Obliquity ,  and  Striking  Velocity 


Plate  Material;  Aluminum  Alloy 
Obliquity:  70® 

Striking  Velocity;  3000  fps 


Fragment : 

Type :  B  R  L  Pre-formed 
Size:  30  grains 
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Residual  Velocity  vs  Plate  Thickness 
for  Selected  Combinations  of  Fragment  Weight, 
Angle  of  Obliquity , and  Striking  Velocity 

Plate  Material:  Aluminum  Alloy  Fragment. 

Obliquity:  0°  Type:  BRL  Pre-formed 

Striking  Velocity:  3000  fps  Size:  100  grains 

3000 


2000 

Vr(fp«) 

1000 
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•  (inches; 
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RasiduaS  Velocity  vs  Plate  Thickness 
for  Selected  Combinations  of  Fragment  Weight, 
Angle  of  Obliquity ,  and  Striking  Velocity 


Plate  Material:  Aluminum  Alloy 
Obliquity:  60° 

Striking  Velocity:  3000  fps 


Fragment : 

Type:  B R L  Pre-formed 
Size:  100  grains 
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Residual  Velocity  vs  Plate  Thickness 
for  Selected  Combinations  of  Fragment  Weight, 
Angle  of  Obliquity, and  Striking  Velocity 


Plate  Material;  Aluminum  Alloy 
Obliquity:  70° 

Striking  Velocity:  3000  fps 


Fragment : 

Type:  B R L  Pre-formed 
Size:  100  grains 


3000, 
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Vr  (fps) 


1000 


.2 


lAftis;  ■ssasni 

lljjygjq  ;gMgjigsii 

iiliii!ilili!lli3uiliiiim:!ijlH!i$!m!li!SiilO 

in  m 

ps 

iii! 

i 

1 

hi 

mil 

i  itami  i  iiiillilu 
mmm  i  mi 
hhhvib  i  mm  nim  u 

ftiiSiiiiili 

H  Ml  Illill 

i 

mm 

ill  lillifi 

mm 

ipjilp! 

piplii 

Illill 

1 

lliii 

11 

liiiii 

m 

il 

ms 

Oil 

mil 

ill 

i  umm  muni  n  m  is  im 

JJHHHHHIHm 

111 

iliiim 

HUlSillliF 

i  liiiiimimiimii  11  \\mmm 

FlSSSiiiiniliiiliii 

rimiiijlilililiiliiiiiinli 

liiiii  ’ 

ii;|iiiniiimi!iiiii!i!^  hi  ms 
iniui  llfl  illl  inttiiillli  miStlllliH  111! 

wnBXMmm 
n  ewaigiH'HH 

SlllinpiilHmilil  Hi  11 
!  UHiliiinli  Eiilsiiii  i  mlii;  mi  m 

lip  0110011011 
HIIBlii  niHfliilliimiil!! 

111 

is 

niSBIiiil  PPIIh 

inliliilriilllli 

Hisiiiijoy  lifsimnmiih 

iiilllli,  llillinillfll 
2HHHHHHHH 

ii 

pi 

1  i  Illl  Hil  ill!!  ill  1  in  1  HI  IKS 

Si  iii  ms  mi  no  iip  ii  i  oii»mjpm 

Si  flHWr !  ifmr !!;!!! 

jiiiliimpiimmipiiipm 

iij!l|i||;llll  Iii  Illl  Oilllllii 

ill!!  iii!!  if  iiili! 

pJiSifiip 
Ills  ’Mill 
illill 
I  op  I  Oil 

llip 

Hi 

am 

Oil 

| 

loop im hi  hiii  iim  hi  m\ 

1  pi£H IIHilii  ill  1U  i  li  IMS 

■poop  im  iimii  i  mm 

iii  will  linn 
Mininani 
m  II  ill  ipiililil 

i  dm  in 

1  IHli  ill 
i  Iilil  11 

i:u: 

::::: 

m 

ii 

p;p 

iii 

IS 

00 

m. 

in  Imstiimiimiii  mmm  urn 

ii  ns  hi  mmm 

i  miiimom 

Hi 

Sill 

IOi 

I  hm  ms  iii  i  til  1 1  miiuH  n  mi 

1 1  it!  mopo» 

1  UHL  HI 

mu; 

jiiHiiiSi: 

ip® 

usiimmiimimiii!  m  iiim  immm 

mm  iiliiiiiiiiiiiiiii 

i  iiiinp 

iijiii 

581MI 

.3 


•  (inches) 


CONFIDENTIAL 


CONFIDENTIAL 


98 


Residua!  Velocity  vs  Plate  Thickness 
for  Selected  Combinations  of  Fragment  Weight, 
Angle  of  Obliquity ,  and  Striking  Velocity 


Plate  Material:  Aluminum  Alloy 
Obliquity  :  0° 

Striking  Velocity:  3000  fps 


Fragment : 

Type :  B  R  L  Pre-formed 
Size:  300  grains 
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2000 J 


Vr(fpt) 


1000 


4  .5  .6 
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Residuol  Velocity  vs  Plote  Thickness 
for  Selected  Combinations  of  Fragment  Weight, 
Angle  of  Qbllgulty.and  Striking  Velocity 

Plato  Material:  Aluminum  Alloy  Fragment: 

Obliquity:  60“  Type:  BRL  Pre-tormed 

Striking  Velocity:  3000  fps  Size:  300  pro™ 


•  (inchet) 
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Residual  Velocity  vs  Plate  Thickness 
for  Selected  Combinations  of  Fragment  Weight, 
Angle  of  Obliquity ,  and  Striking  Velocity 


Plate  Material:  Aluminum  Alloy 
Obliquity:  70° 

Striking  Velocity:  3000  fps 


Fragment : 

Type:  B R L  Pre-formed 
Size:  300  grains 
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Residual  Velocity  vs  Plate  Thickness 
for  Selected  Combinations  of  Fragment  Weight, 
Angle  of  Obliquity ,  and  Striking  Velocity 

Plate  Material:  Aluminum  Alloy  Fragment! 

°bK<»ui,V;  0°  Type:  B R L  Pre-formet* 

Striking  Velocity:  6000  f ps  Sire:  30  groins 
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Reslduol  Velocity  vs  Plate  Thickness 
for  Selected  Combinations  of  Fragment  Weight, 
Angle  of  Obliquity ,  and  Striking  Velocity 

Plots  Material:  Aluminum  Alloy  Fragment: 

SO«  Type:  BRL  Pre-formed 

Striking  Velocity:  6000  fps  Sire:  30  grains 
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Residual  Velocity  vs  Plate  Thickness 
for  Selected  Combinations  of  Fragment  Weight, 
Angle  of  Obliquity ,  and  Striking  Velocity 


Plate  Material;  Aluminum  Alloy 
Obliquity  ;  70° 

Striking  Velocity:  6000  fps 


Fragment; 

Type;  B  R  L  Pre-formed 
Sire;  30  groins 
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Residual  Velocity  vs  Plate  Thickness 
for  Selected  Combinations  of  Fragment  Weight, 
Angle  of  Obliquity ,  and  Striking  Velocity 


Plate  Material:  Aluminum  Alloy 
Obliquity:  0° 

Striking  Velocity:  6000  fps 


Fragment: 

Type  :  8  R  L  Pre-formed 
Size:  100  grains 


6000- 


4000 


V,(fp«) 


2000 


4  .5  .6 

&  linchet) 


CONFIDENTIAL 


CONFIDENTIAL 


Residual  Velocity  vs  Plate  Thickness 
for  Selected  Combinations  of  Fragment  Weight, 
Angle  of  Obliquity ,  and  Striking  Velocity 


Piute  Material:  Aluminum  Alloy 
Obliquity:  60° 

Striking  Velocity:  6000  fps 


Fragment : 

Type:  B R L  Pre-formed 
Size:  !00  groins 
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Residual  Velocity  vs  Plate  Thickness 
for  Selected  Combinations  of  Fragment  Weight, 
Angle  of  Obliquity ,  and  Striking  Velocity 


Plate  Material;  Aluminum  Alloy 
Obliquity;  70° 

Striking  Velocity:  6000  fps 


Fragment : 

Type;  B  R  L  Pre-formed 
Sizer  100  grains 
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4000 


Vr(fp«) 


2000 
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Residual  Velocity  vs  Plate  Thickness 
for  Selected  Combinations  of  Fragment  Weight, 
Angl*  J  Obliquity , and  Striking  Velocity 


Plate  Material:  Aluminum  Alloy 
Obliquity:  0° 

Striking  Velocity:  6000  fps 


Fragment : 

Type:  B  R  L  Pre-formed 
Size:  300  grain* 


itsstsi 

ifHKS 

infill 

!S 

wmmmmmm 

SfellMi!!  SHB 
III!!  m  \mm 

■■m  H!  husst 
I  m 11  PPW 

BWiiniii  ii  mm  i 
SHUl  il N !i  !!  mm\ 
—  !IHf  HnJO  ilfSIfljflllli  1 

msi 

mmmumsss& 

lilllililllillpiliilSiilir 

imps 

jLiimrvHl 
i  mmm 

ysiiiiii  umm 

rs  r  m 
\  1112 

■■■•■••a 

•aaaaiaa 

iiiii!:: 

B 
il 
iliilH 
IS  Si 

ii«rp 

1 

"ii  ii 

Iiii 

91  IBS 
Iiii  Ill 
III  pi 
Hitt 
111  Hi 

!  55: 

.  -• 

ci 

::s  :3s.:"h: 
■•■•••*-  - 
•HfllMIMlt 
.  « 

siiujvilsK 

iiiiiiiiiiiiiii 

mm 

lem 

Wiillii 

i  mm 
;  iiib 

i  Siilill  Hill! 

msiisns 

, 

iiiiin:!»»-isi 

IIIIIII 

i;ssE»iiiiiisi»!i 

SiiHHIiilllll 

isst.r’fnsssissef  j 

rVk*«aaaaaaaaaaa»- 
■  ■■•>.  -* aaaaa aaaa* 1 
»•••»• 

wmm 

iliilillliliilli 

:j;'iilii!ih;iii: 

iiiiiiiiil  i  ih 
iiiiii® 
lip  1 II  f 

mm  mi ; 

wmm 

1  IlliiiSIll1  ?  ill  i 

s  ui-«5iu  *i  iiiBi; 
I:  :::::;..::!ii,iiiu 

iiii  iiiii  5 
Iiiii:  iiii  ill li‘ 

mm  ii  is  ii  H 1011111  l 
Wsm  ii*  ii  1111 

In  ii  m  mu 

1  Mil! 

ii; 
i  il 

ms 

kuiiiiur. 

SHIM! 

»i!iii:;:Niiiii 

iiii 

wamm- 

Hllllll!  Iiiii 

mil  II  SMI  I!  IIIIIII 

i  Ii  1  Ih  Ml 

1  Si 

ifiiiiiijiii! 

!  /MI8iis»:« 
:  ::!u 

'iilHiiiliii! 

iliSPiilBl 

mm  ii  is  si  ii  liiiifiif 

1  1  II 

illliif 

iiiiiiiiiiiii 

•  »■•••■>.  >.-•••• 
a  aaaaaaa«*r 

i  ii:  555  lilili 

ii&i’«iiii!ii 

li  iiiii 

|  ms  ii  1111111111 
wm  mi  is  Mil 
WMmm  ppi 

mm  in  ii  ■  iiiiiii 

ns  urn  ii 
JiBIif"  1 

ill  ii 
SUB 

muni 

|| 

shkk 

111 

ill 

: Hi*  iisS: 
:  ns ::: 

LiiliUil 

as  uimusss 

Sgj 

H-h 

iiii: 

■•••• 

::::: 

iiiHi:  ill  5 

aafaaaa  iafia; 

ssitcrs  ms: 

SSSSKS  38332 

wmmm 

iiiiSS  St 

ill  i ill  i 
iBi  8BHJ1 

1  I  si 

11  111 
IH 

mm 

SSiliS 

IS 

HI 

nfti  Inmii 

ill  Ii  ill 
II H 
iiiiLllll 

::::: 

iiiis 

11 

1118 

ssssiSs  h:  i 

mm 

iSSpjBL 

nuitHKh:: 

iHiinilii.: 

aaaaaaiaaaaaaaiaaaa  a  ■* 

:e::::S::::::5n::  h:< 

wmmm 

IHHllillk 

i  in  iiisiiji 

B  Bill  FI 

III 

USUI 

111 

ShIHH 

SHU 

urn 

IjSiii?  ill  I? 

aaaaaaaaaaaaaa* •••  fa* 
aaaahaaaaaaaaiiaaa  ip* 
iaaf*a*|M**ailaai  Sal 

::?i::;ii::::!:::i  hi 

^^mi  1 II  I'  1  PHi  i 

il  1  hi  IS 

Si 

ill 

il 

hi!: 

SKStKHK»|: 

mg 

iliHii  iiiii 

ii::i:i::::::::isi  Hi 

min  iiKiim 

lij  mi 

i  lira  ill 

Fiiif*  SI  i  S3  ii  i 

ill 

il 

il! 

iiiiiii 

11 

9|l|| 

Iiiiiii 

ssiii  t  uai: 

B* 

■■■•a 

•aiaMaaaaaaa 

ijjiifiiliiii 

HiiRttteai  ip 
::::::::::::::::::  hi 

aaaaaadwKaaaaaaaai  S3a 

aSaaMSCaUmiaU  Sit. 

If 

Its!! 

tuts :  fit!!:: 

3H(2 

Iiiiiiiiiiiii 

ihiEipinniiiilHiie 

0  .2 

■r - 1 - 

A  .6 

.8 

1.0 

1.2 

S.4 

•  (inchie) 


CONFIDENTIAL 


CONFIDENTIAL 

-108- 

Residual  Velocity  vs  Plate  Thickness 
for  Selected  Combinations  of  Fragment  Weight, 
Angle  of  Obliquity ,  and  Striking  Velocity 

Plats  Material:  Aluminum  Alloy  Fragment: 

Obliquity:  60°  Type:  B  R  L  Pre-formed 

Striking  Velocity:  6000  fps  size:  300  grains 


0  .!  .2  .3  4  .5  .6  .7  .8  .9  1.0 


•  (inches) 
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Residual  Velocity  vs  Plate  Thickness 
for  Selected  Combinations  of  Fragment  Weight, 
Angle  of  Obliquity ,  and  Striking  Velocity 

Plate  Materia! :  Aluminum  Alloy  Fragment  : 

Obliquity:  70°  Type:  8RL  Pre-fcrmed 

Striking  Velocity:  6000  fps  Sire;  300 


•  (inches) 
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APPENDIX  IV 

Comparison  of  the  Performance  of  Fragments  of  Four  Materials 
Impacting  on  Aluminum  Alloy 

B.  Plate  Thickness  vs  Fragment  Weight  for  Selected 

Values  of  V  and  Angle  of  Obliquity 
o 
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Plate  Thickness  vs  Fragment  Weight 
for  Selected  Combinations  of  Vo 
and  Angle  of  Obliquity 

Plate  Materia!  Aluminum  Alloy 
Vo  :  2000 fps 
Obliquity  :  0° 


(  Q  ■  U  uin  LU^±unuunv,;.u„u- ■  |  y  ■  ■  |  ^  ■  | '  u.i ,  .  y  jii  i  ■  m  u  i  u-i  ■  n  ^ 
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m  (groin*) 
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PSate  Thickness  vs  Fragment  Weight 
for  Selected  Combinations  of  Vo 
and  Angle  of  Obliquity 

Plate  Material  .  Aluminum  Allay 
Ve  :  2000fps 


Obliquity  :  60° 

\ 
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Plate  Thickness  vs  Fragment  Weight 
for  Selected  Combinations  of  V© 
and  Angle  of  Obliquity 

Plate  Material  :  Aluminum  Alloy 
Vo  :  4000 f ps 
Obliquity  :  60p 
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Plate  Thickness  vs  Fragment  Weight 
for  Selected  Combinations  of  Vo 
and  Angle  of  Obliquity 

Plate  Material  :  Aluminum  Alloy 
Vo  ;  4000 f  ps 

Obliquity  :  70° 
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Plate  Thickness  vs  Fragment  Weight 
for  Selected  Combinations  of  V© 
and  Angle  of  Obliquity 


Plate  Material  :  Aluminum  Alloy 
Vo  :  6000 fps 
Obliquity  :  0° 


4.00 


30  50  70 

m  (grains) 


200 


400 
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Plate  Thickness  vs  Fragment  Weight 
for  Selected  Combinations  of  Vo 
and  Angle  of  Obliquity 

Plate  Materia!  :  Aluminum  Alloy 
Vo  : 6000  f ps 
Obliquity  :  60° 
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APPENDIX  IV 

Comparison  of  the  Performance  of  Fragments  of  Four  Materials 
Impacting  on  Aluminum  Alloy 


C.  (V )  /  (V  )  vs  Plate  Thickness  for  Various 

ox  o  S 

Fragment  Materials  (X) 
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Comparison  of  Aluminum  Alloy,  Tungsten  Alloy,  and 
Uranium  Fragments  with  Steel  Fragments 
Impacting  on  Aluminum  Alloy  Plate 

T  vs  e  for  Three  Obliquities 


Fragment  Materials  (X) 

- Aluminum  Alloy 

- Tungsten  Alloy 

- 'Jranium 


NOTE  :  I  ,r=  ! 1 - 

(Vo), 

27  is  the  Average  of  the  Values  of  r 
Corresponding  to  Selected  Values  of 
Fragment  Weights  for  Any  Given  Set 
of  Values  of  Obliquity  and  Material  Thickness 

5. Parameter  Combinations  Selected  to  Meet 
the  Requirement  that  (Vo)*  si  400  fps 
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APPENDIX  IV 

Comparison  of  the  Performance  of  Fragments  of  Four  Material 
Impacting  on  Aluminum  Alloy 


D. 


(Vx 


(V  )„  vs  Plate  Thickness  for  Various 
r  S 

Fragment  Materials  (X) 
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Comparison  of  Aluminum  Alloy,  Tungsten  Alloy,  and 

Uranium  Fragments  with  Steel  Fragments 
Impacting  on  Aluminum  Alloy  Plate 


R  vs  8  for  Three  Obliquities 


Fragment  Materials  (X) 

- Aluminum  Alloy 

- Tungsten  Alloy 

- —Uranium 


NOTE  :I.R2~rL 
_  (  »r )  s 

2. R  is  the  Average  of  the  Values  of  R  for  Variou? 
Fragment  Weights  and  Striking  Velocities;  thus  h 
Depends  Only  on  e  and  Q 

3.  Parameter  Combinations  Selected  to  Meet  the 
Requirement  thot  (Vr)s>IOOO  fps 


r  "  r?  t - 1 - —i - : — r 


0  •!  -2  .3  A  .5  .6  .7  .8  .9  1.0 

e  (inches  of  Aluminum  Alloy) 
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APPENDIX  V 

Tungsten  Alloy  Fragments  vs  Steel  Plate  (B  *«->  100) 

A.  Residual  Velocity/ Striking  Velocity  vs  Striking  Velocity 
for  Selected  Plate  Thicknesses 
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-130-  IEST  AVAILABLE  C#y 

Residues  V'6! 

Striking  Ve^ 

for  Sele 

Plate  Material:  Steel  (y 
Obliquity  :0° 

M  0T6t  IVlri  • 

Size  :  30  groins 


Vr=500  Vf*IOOO  Vf  =2000  Vf=3000  Vf  =  4000  Vr<=5000 


BEST  AVAILABLE  COPY 
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BEST  AVAILABLE  COPY 


Size:  30  grains 


V,=500  V,»I000  Vf  =2000  Vf=3000  Vr  =  4000  Vf*5000 


1000  2000  3000  4000  5000  6000 


vs(f  ps) 
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IfSfAVAIUBlECOpy 


!3Z 


-formed 
r,  Alloy 


V  -500  Vf  =  IOOO  Vf  =2000  Vf=3000  Vr=400 0  Vr*5000 


|  I  1 - T  :  I - > 

1000  2  000  3000  4000  5000  6000 


vg(f  ps) 
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Residuoi  velocity,  ys  striking  Velocity 
Striking  Velocity 

for  Selected  Plate  Thicknesses 

Plate  Material:  Steel  (B~IOO)  Fragment  : 

Obliquity :0°  Type:  BRL  Pf«“tormed 

Material :  Tungsten  Alloy 

Size :  IOO grains 
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Rasiduol  Velocity  vs  strtking  Velocity 
Striking  Velocity  * 

for  Selected  Plate  Thicknesses 


Plate  MateriahSteel  (BHOC) 
Obliquity  :60° 


Fragment : 

Type:  BRL  Pre-formed 
Materia!  :Tungsten  Alloy 
Size: IOO  grains 
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Residuo)  Velocity  vs  striking  Velocity 
Striking  Velocity 

for  Selected  Plate  Thicknesses 


plate  Material:  Steel  (B~IOO) 
Obliquity:  70° 


Fragment : 

Type:  8RL  Pre -formed 
Material :  Tungsten  Alloy 
Size :  100  groin* 
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-SSST  S  "  Volocity 

for  Selected  Piate  Thicknesses 


Plate  Material:  Steel  (B~IOO)  Fragment  : 

Obliquity  :0°  Type:  BRL  Pre- formed 

Material :  Tungsten  Alloy 
Size  .300 grains 


V,=500  Vr*IOOO  V  =2000  V=3000  V  =  4000  V*5000 


Vt(f  ps ) 
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Residuol  Velocity 
Striking  Velocity 

for  Selected 


vs  Striking  Velocity 
Plate  Thicknesses 


-i $1 


Plots  Material:  Steel  (B~IOO)  Fragment  : 

Obliquity : 60°  Type:  BRL  Pre-formed 

Material :  Tungsten  Alloy 
Size  :300  grains 
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vs  Striking  Velocity 

Striking  Velocity 

for  Selected  Plate  Thicknesses 

Plate  Material: Steel  (BHOO)  Fragment: 

Obliquity 70°  Type:  BRL  Pre-formed 

Materia! :  Tungsten  Alloy 
Size  :300  grains 
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APPENDIX  V 

Tungsten  Alloy  Fragments  vs  Steel  .Plate  (B  ~  100) 

B.  Vq  vs  Fragment  Weight  for  Selected  Plate  Thicknesses 
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Vo  vs  Fragment  Weight 
for  Selected  Plate  Thicknesses 


Plate  Material:  Steel  (BHOO) 
Obliquity  :  o° 


Fragment : 

Type:  BR  L  Pre -formed 
Material:  Tungsten  Alloy 
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Vo  vs  Fragment  Weight 
for  Selected  Plate  Thicknesses 


Plate  Material:  Steel  (B~  100)  Fragment  : 

Obliquity:  60°  Type:  B  R  L  Pre-farmed 

Material;  Tungsten  Alloy 


50  70  100 

m(grains) 


300  400 
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CONFIDENTIAL 


Vo  vs  Fragment  Weight 
for  Selected  Piute  Thicknesses 


Plate  Material:  Steel  ( B -100) 
Obliquity  :  70° 


Fragment : 

Type.  BR  L  Pre- formed 
Material:  Tungsten  Alloy 


CONFIDENTIAL 


CONFIDENTIAL 


-143 


APPENDIX  VI 

Tungsten  Alloy  ?ragments  vs  Steel  Plate  (B  ~  300) 


A.  Residual  Velocity/ Striking  Velocity  vs  Striking  Velocity 
for  Selected  Plate  Thicknesses 
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Residuql  Valocifx  ys  Sfr}kj  Ve(ocity 
Staking  Velocity  ’ 

for  Selected  Plate  Thicknesses 

Plate  Material:  Steel  (B~300)  Fragment  ; 

Obliquity :0°  Type:  8RL  Pre-formsd 

Materiel :  Tungsten  Alloy 
Size :  30  grains 
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Residuoi  Velocity  vs  striking  Velocity 
Striking  Velocity 

for  Selected  Plate  Thicknesses 

Plate  Material:  Steel  (B~300)  Fragment  : 

Obliquity: 70°  T*”>:  BRL  p'e-,ormed 

Material :  Tungsten  Alloy 

Size:  30  grains 


1000  2000  3000  4000  5000  6000 

V,  (f  ps) 
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Residuol  Velocity 
Striking  Velocity 


vs  Striking 


Velocity 


for  Selected  Plate  Thicknesses 


Plate  Material: Steel  (B~300)  Fragment: 

Obliquity  :0°  Type:  BRL  Pre-formed 

Material :  Tungsten  Alloy 
Size :  IOO  grains 


V  =500  Vf  =  iOOO  Vf  =2000  Vf=30Q0  Vf  =  4000  Vr*5000 


V,(fpt) 


CONFIDENTIAL 


CONFIDENTIAL 


Residuoi  Velocity  vs  sfr|king  velocity 
Striking  Velocity  * 

for  Selected  Plate  Thicknesses 

Plate  Material; Stee!  (B~300)  Fragment: 

Obliquity : 60°  Type;  BRL  Pre-formed 

Material  :Tungsten  Alloy 
Size :  100  grains 
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Residual  Velocity.  vs  st,||<lrg  Velocity 
Striking  Velocity  J 

for  Selected  Plate  Thicknesses 

Plate  Material  .Steel  (B~300)  Fragment  : 

Obliquity  :70°  Type:  BR'l  Pre-formed 

Material -.Tungsten  Alloy 
Size  :IOO  grains 


V,=500  Vr  =  IOOO  Vf  =2000  Vf=3000  Vf  =  4000  Vf«5000 


Vt(fps) 
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Residual  Velocity  yg  strikjng  Velocity 
Striking  Velocity 

for  Selected  Plate  Thicknesses 


Plate  Material:  Steel  (B'-300) 
Obliquity  :0° 


Fragment : 

Type:  BRL  Pre-formed 
Material ;  Tungsten  Alloy 
Size  :300  grains 
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Rasiduoi  Velocity  vs  striking  Velocity 
Striking  Velocity 

for  Selected  Plate  Thicknesses 

Plate  Material:  Steel  (B~300)  Fragment  : 

Obliquity :TO°  Type:  BRL  Pre-fcrmed 

Material :  Tungsten  Alloy 
Size  :300  grains 


Vf  =500  VfsIOOO  Vf  =2000  Vr  =3000  V=4000  \'t-  5000 
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APPENDIX  VI 

Tungsten  Alloy  Fragments  vs  Steel  Plate  (B  30u^ 

B.  V  vs  Fragment  Weight  for  Selected  Plate  Thicknesses 
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Vo  vs  Fragment  Weight 
for  Selected  Plate  Thicknesses 

Plate  Material:  Steel  (B~300)  Fragment: 

Obliquity  :  0 •  Type:  BRL  Pre-formed 

Material:  Tungsten  Alloy 


CONFIDENTIAL 


CONFIDENTIAL 


-15 


Vo  vs  Fragrant  Weight 
for  Selected  Fiate  Thicknesses 

Plate  Material:  Steel  (9~300)  Fragment: 

Obliquity  :  60°  Typo:  BR  L  Pr®-form*d 


Material :  Tungtten  Alloy 


20  30  ftO  70  100  2' 

m(groint) 
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V©  vs  Fragment  Weight 
for  Selected  Piute  Thicknesses 


Plate  Material:  Steel  (B-300) 
Obliquity:  70° 


Fragment : 

Type:  BR  L  Pre -formed 
Material:  Tungsten  Alloy 
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APPENDIX  VII 

Steel  Fragments  vs  Steel  Plate 

A.  Residual  Velocity/Striking  Velocity  vs  Striking  Velocity 
for  Selected  Plate  Thicknesses;  B«*100 
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Residuol  Velocity  vs  striking  Velocity 
Striking  Velocity 

for  Selected  Plate  Thicknesses 


Plate  Material:  Steel  (B  =  IOO)  Fragment: 

Obliquity :0°  Type:  BRL  Pre-formed 

Material :  Steel 
Size :  30  grains 


Vf=500  =  1000  Vf  =2000  V^=300C  Vr  =  4000  Vf»5000 


vs(f  ps) 
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Reslduol  Velocity  vg  striking  Velocity 
Striking  Velocity 

for  Selected  Plata  Thicknesses 

Plate  Material: Steel  0  =  100)  Fragment: 

Obliquity .60°  Type:  BRL  Pre-formed 

Material :  Steel 
Size :  30  grains 
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Residud  velocity.  striking  Velocity 
Striking  Velocity 

for  Selected  Plate  Thicknesses 


Plate  Material: Steel  (8=100) 
Obliquity  :70° 


Fragment : 

Type:  BRL  Pre-formed 
Material :  Steel 
Size :  30  grains 


V,=500  Vf»IOOO  Vf  =2000  Vr  =3000  Vf  =  4000  Vr«  5000 
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Reslduol  Velocity  v$  striking  Velocity 
Striking  Velocity 

for  Selected  Pl<r:s  Thicknesses 

Plate  Material:Steel  (BsIOO)  Fragment: 

Obliquity  :0°  Type:  BRL  Pre-formed 

Material  ;Steel 
Size  :IOO  grains 


Vr=500  Vr  =  IOOO  Vf  *2000  Vf=3000  Vr  =  4000  Vr«5000 
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CONFIDENTIAL 


Residuol  Velocity  striking  Velocity 

Striking  Velocity  * 

for  Selected  Plate  Thicknesses 


Plate  Material.Steei  (B  =  IOO)  Fragment: 

Obliquity :60°  Type:  8RL  Pre-formed 

Material  ;3ioei 
Size  : IOO  grains 


Vf  =500  V,=IOOO  Vf  =2000  Vr=3000  Vf-4000  Vf»  5000 


0  1000  2000  3000  4000  5000  6000 


V.tfps) 
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CONFIDENTIAL 


ResiduoS  Velocity 
Striking  Velocity 

for  Selected 


vs  Striking  Velocity 
Plate  Thicknesses 


Plate  Material:  Steel  (B=IOO)  Fragment  : 

Obliquity :0°  Type:  BRL  Pre-formed 

Material :  Steel 
Size  :300  grains 


vr=500  Vf  =  lOOO  V,  =2000  Vf=3000  Vr  =  4000  Vr=5000 
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CONFIDENTIAL 


vs  Striking  Velocity 


Residue?!  Velocity 
Striking  Velocity 
for  Selected  Plcia  Thicknesses 


Plate  Material:  Steel  (BHOO) 
Obliquity :  70° 


Fragment : 

Type:  BRL  Pre-formed 
Material :  Steel 
Size  :  300  grains 


Vf=500  Vr  =  1000  Vf  =2000  Vr=3000  Vf  =  4000  Vf=5000 
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APPENDIX  VII 

Steel  Pragments  vs  Steel  Plate 

B.  Residual  Velocity/ Striking  Velocity  vs  Striking  Velocity 
for  Selected  Plate  Thicknesses;  B-300 
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sag  yjB  »•  StrlW.,  Velocity 
for  Selected  P!jte  Thicknesses 

Plate  Material: steel  (B  =  300)  Fragment: 

Obliquity: 0°  Type:  gRL  Pre_forrned 

Material :  steel 
Size :  30  grains 


Vr-500  V  =1000  V=2000  V.  =3000  V*40r,D  w  =  *nnn 


V,(tp8  ) 
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l^gn?vS  VS  Str,klr'9  Ve,0Ci,y 

for  Selected  Plote  Thicknesses 


Plate  Material:  Steel  (B=300) 
Obliquity :  60° 


Fragment : 

Type:  BRL  Pre-formed 
Materia! :  Steel 
Size :  30  grains 


vr=500  Vf  =  lOOO  Vf  *2000  Vf  *3000  Vf=4000  V,«5000 
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CONFiDENTIAL 


Residual  Velocity  vs  striking  Velocity 
Striking  Velocity  * 

for  Selected  Plate  Thicknesses 


Plate  Material:  Steel  (B  =  300)  Fragment  : 

Obliquity:  70°  Type:  BRL  Pre-formed 

Materia! :  Steel 
Size :  30  grains 


V,'-500  Vf  =  1000  Vr  =2000  Vf  =3000  Vr  =  4000  Vr=5000 
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CONFIDENTIAL 


Residuol  Velocity  vs  Sfrj|,;ng  Velocity 
Striking  Velocity 

for  Selected  Plate  Thicknesses 


-17  i- 


Plate  Material:  Steel  (B=300) 
Obliquity  :0® 


Fragment : 

Type:  BRL  Pre-formed 
Material :  Steel 
Size :  100  grains 


Vf =500  V,*I000  Vf  =2000  V(  =3000  Vf  =  4000  \/f=5000 
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Residuol  Velocity 
Striking  Velocity 
for  Selected 


vs  Striking  Velocity 
Plate  Thicknesses 


Plate  Material:steel  (B=300)  Fragment: 

Obliquity: 70°  Type:  BRL  Pre-formed 

Material :  Steel 
Slze:!00  grains 
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Residuoi  Velocity  vs  striking  Velocity 
Striking  Velocity 

for  Selected  Plate  Thicknesses 

Fragment : 

Type:  BRL  Pre-formed 
Material :  Steel 
Size  :300  grains 


Vfs500  Vr  =  IOOO  Vr  =2000  Vf=3000  Vr=4000  Vf=5000 


V,(fps) 


Plate  Material: Steel  (B=300) 
Obliquity  :0° 
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Residuol  Velocity 
Striking  Velocity 


vs  Striking 


Velocity 


for  Selected  FMate  Thicknesses 


Plate  Material:  Steel  (B=300)  Fragment: 

Obliquity  *.  60°  Type:  BRL  Pre-formed 

Material :  Steel 
Size  :300  grains 


Vf  =500  Vf  =  IOOO  Vf  =2000  Vf=3000  V,  =  4000  Vf=5000 
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Residue)  Velocity 
Striking  Velocity 
for  Selected 


vs  Striking  Velocity 
Plate  Thicknesses 


Plate  Material:  steel  (B  =  30Q)  Fragment: 

Obliquity:  70°  Type:  BRL  Pre- formed 

Materia! :  Stes! 

Size  :300  grains 


=500  Vr  =  IOOO  Vf  =2000  Vf=3000  Vf  =  4000  Vr=5000 
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APPENDIX  VII 

Steel  Fragments  vs  Steel  Piste 


C.  V  vs  Fragment  Weight  for  Selected  Plate  Thicknessae; 
o 

B-100,  300,  500 
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Vo  vs  Fragment  Weight 
for  Selected  Plate  Thicknesses 


Plate  Material:  steel 
Obliquity  ;  0° 


Fragment : 

Type.  BR  L  Pre-formed 
Materia!:  Steel 


Key  for  Hardness 
of  Plate  Material 


B  =  100  - 
Ba  300- 
B*  500- 
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Vo  vs  Fragment  Weight 
for  Selected  Plate  Thicknesses 


Plate  Material:  Steel  Fragment. 

Obliquity  :  60°  Type:  B  R  L  Pre-formed 

Material:  Steel 

Key  for  Hardness 
of  Plate  Material 


B*  100  - 
B»  300- 
Bs  500- 
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V©  vs  Fragment  Weight 
for  Selected  Piute  Thicknesses 


Plate  Material:  Steel 
Obliquity:  70° 


Fragment: 

Type:  BR  L  Pre- formed 
Material:  Steel 


Key  for  Hardness 
of  Plate  Material 


e=  100 
B=  300 
B  =  500 
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APPENDIX  VIII 

Comparison  of  the  Performance  of  Steel  and  Tungsten  Alloy  Fragments 
«  Impacting  on  Steel  Plate 

A.  Residual  Velocity  vs  Plate  Thickness  for  Selected 
Combinations  of  Angle  of  Obliquity, 

Fragment  Weight,  and  Striking  Velocity 


CONFIDENTIAL 


CONFIDENTIAL 

•182- 

Residual  Velocity  vs  Plate  Thickness 
for  Selected  Combinations  of  Fragment  Weight, 
Angle  of  Obliquity ,  and  Striking  Velocity 

Plate  Material:  Steel  Fragment: 

Obliquity :  0°  Type:  BRL  Pre-formed 

Striking  Velocity:  3000  fps  Size:  30  grains 
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•  (inches) 
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Residud  Velocity  vs  Plate  Thickness 
for  Selected  Combinations  of  Fragment  Weight, 
Angle  of  Obliquity,  and  Striking  Velocity 


Plate  Material:  Steel 
Obliquity:  60° 

Striking  Velocity:  3000  fps 


Fragment : 

Type:  B R L  Pre-formad 
Size:  30  groins 


3000 


Vr  (fps) 


s  (inches) 
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Residual  Velocity  vs  Plate  Thickness 
for  Selected  Combinations  of  Fragment  Weight . 
Angle  of  Obliquity ,  and  Striking  Velocity 


Plate  Material;  Steel 
Obliquity :  70° 

Striking  Velocity:  3000  fps 


Fragment; 

Type:  B  R  L.  Pre-formed 
Size:  30  grains 


0  .01  .02  .03  .04  .05  .08  .10  ,12  .14 

•  (inches) 
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Residua!  Velocity  vs  Plate  Thickness 
for  Selected  Combinations  of  Fragment  Weight, 
Angle  of  Obliquity ,  and  Striking  Velocity 

Plate  Material;  Steei  Fragment: 

Obliquity:  0°  Type:  BRL  Pre-formed 

Striking  Velocity:  3000  fps  Size:  100  grains 


0  .05  .10  .15  .20  .25  .30  .35 


e  (ineha«) 
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WaIaoUu  if  a 

raiOvhj  Vo 


Plate  Thickness 


for  Selected  Combinations  of  Fragment  Weight, 
Angle  of  Obliquity ,  and  Striking  Velocity 


Plate  Material;  Steel  Fragment: 

Obliquity  :  TO®  Type :  B  R  L  Pro-formed 

Striking  Velocity;  3000  fps  Size:  iOO  grains 


o  (inches) 
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Residud  Velocity  vs  Plot®  Thickness 
for  Selected  Combinations  of  Fragment  Weight, 
Angie  of  Obliquity ,  and  Striking  Velocity 


Plate  Materia!:  Steel 
Obliquity:  0° 

Striking  Velocity:  3000  fps 


Fragment : 

Type:  3  R  L  Pre-formed 
Size:  300  grains 


0  .!  .2  .3  4  .5  .6 

« (inchse) 
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Res;  -^ai  Velocity  vs  Plate  Thickness 
for  Selected  Combinations  of  Fragment  Weight, 
Angle  of  Obliquity ,  and  Striking  Velocity 


Plate  Material:  Steel 

Obliquity  :  60° 

Striking  Velocity:  3000  fps 


Fragment : 

Type  :  B  R  L  Prs- formed 
Size:  300  grains 


0  .!  .2  .3 

o  (inches) 
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Residuo!  Velocity  vs  Plate  Thickness 
for  Selected  Combinations  of  Fragment  Weight, 
Angle  of  Obliquity ,  and  Striking  Velocity 


Plate  Material:  Steel 

Obliquity:  70 6 

Striking  Velocity:  3000  fp$ 


Fragment : 

Type:  8  R  L  Pre-formed 
Size:  300  grains 


0  -1  .2  .3 

s(inches) 
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Residual  yelocitv  vs  Plate  Thickness 

* 

for  Selected  Combinations  of  Fragment  Weight, 
Angle  of  Obliquity ,  and  Striking  Velocity 


Plate  Material:  Steel 
Obliquity:  0° 

Striking  Velocity:  6000  fps 


Fragment : 

Type:  8  R  L  Pre-fomed 
Size:  30  grains 
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Residual  Velocity  vs  Plate  Thickness 
for  Selected  Combinations  of  Fragment  Weight 
Angle  of  Obliquity ,  and  Striking  Velocity 


plate  Material:  Steel 

Obliquity:  60° 

Striking  Velocity:  6000  fps 


Fragment : 

Type:  B  R  L  Pre-formed 
Size:  30  grains 
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Residya!  Velocity  v  3  Plot  6  ThiCknaSS 
for  Selected  Combinations  of  Fragment  Weight, 
Angle  of  Obliquity ,  and  Striking  Velocity 


Plate  Material:  Steel 
Obliquity:  70° 

Striking  Velocity:  6000  fps 


Fragment : 

Type:  B  R  L  Pre- forced 
Size:  30  grains 
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Residual  Velocity  vs  Plate  Thickness 
for  Selected  Combinations  of  Fragment  Weight, 
Angle  of  Obliquity  ,  and  Striking  Velocity 


Plate  Material;  Steel 
Obliquity:  0° 

Striking  Velocity:  6000  fps 


Fragment : 

Type  :  8  R  L  Pre-formed 
Size:  100  grains 
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Resldual  Velocity  vs  Plote  Thickness 
for  Selected  Combinations  of  Fragment  Weight, 
Angle  of  Obliquity ,  and  Striking  Velocity 

Plote  Materia);  Steel  Froament: 

Obliquity:  60°  Type:  BRL  Pr.-form.d 

Striking  Velocity:  6000  fps  Size:  loo  groins 
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Resldual  Velocity  vs  Plate  Thickness 
for  Selected  Combinations  of  Fragment  Weight, 
Angle  of  Obliquity ,  and  Striking  Velocity 


Plate  Material:  Steel  Fragment: 

Obliquity:  0®  Typ«:  B  R  L  Pre-forrr.ed 


e  (inches) 
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Residual  Velocity  vs  Plate  Thickness 
for  Selected  Combinations  of  Fragment  Weight, 
Angle  of  Obliquity, and  Striking  Velocity 


Plate  Material;  Steel 
Obliquity;  60° 

Striking  Velocity  :  6000  fps 


Fragment : 

Type  :  B  R  L  ^re-formed 
Size:  300  grains 
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Residual  Velocity  vs  Plate  Thickness 
for  Selected  Combinations  of  Fragment  Weight, 
Angle  of  Obliquity,  and  Striking  Velocity 


Piets  Material:  Steel 
Obliquity:  70° 
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Type:  S  R  L  Pre-formed 
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Comparison  of  the  Performance  of  Steel  and  Tungsten  Alloy  Fragment 

Impacting  on  Steel  Plate 

”,  Plats  Thickneaa  vs  Fragment  Weight  for  Selected 

Combinations  of  V  and  Angle  of  Obliquity 
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Plate  Thickness  vs  Fragment  Weight 
for  Selected  Combinations  of  Vc 
und  Angie  of  Obliquity 

Plot g  Materia!  .  Steel 
Vo  :  2000 fps 
Obliquity  :  0° 
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Plate  Thickness  vs  Fragment  We 
for  Selected  Combinations  of  V 
and  Angle  of  Obliquity 
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Plate  Thickness  vs  Fragment  Weight 
for  Selected  Combinations  of  Vo 
and  Angle  of  Obliquity 

Plate  Material  :  Steel 
Vo  :  6000  fps 
Obliquity  :  0° 
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PlGte  Thickness  vs  Fragment  Weight 
for  Selected  Combinations  of  Vo 
and  Angle  of  Obliquity 

Plate  Material  :  Steel 
Vc  :  6000  fps 
Obliquity  :  70° 
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APPENDIX  VIII 

Comparison  of  the  Performance  of  Steel  and  Tungsten  Alloy  Fragment* 

Impacting  on  Steel  Plate 

C.  (V  )„  /  (V  )_  v»  Plate  Thickness  for  Selected  Obliquities;  B-100 
O  W  O  5>  ' 
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Comparison  of  the  Performance  of  Steel  and  Tungsten  Alloy  Fragments 

Impacting  on  Steel  Plate 


D.  (V  )  /  (V  )  vs  Plate  Thickness  for  Selected  Obliquities  ;  B-300 

O  W  O  5 
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Comparison  of  Steel  ,  Tungsten  Alloy  Fragments 
Impacting  on  Steel  Plate  (B-300) 

r  vs  e  for  Three  Obliquities 

NOTE  )w- 

(Vo)s 

2.7  is  the  Average  of  the  Values  of  r 
Corres pending  to  Selected  Values  of 
Fragment  Weights  for  Any  Given  Set 
of  Values  of  Obliquity  and  Material  Thickness 


3. Parameter  Combinations  Selected  to  Meet 
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Comparison  of  the  Performance  of  Steel  and  Tungsten  Alloy  Fragments 

Impacting  on  Steel  Plate 


E*  ^  ^Vr^S  V*  Plate  Thickness  for  Selected  Obliquities;  B-100 
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Comparison  of  Steel ,  Tungsten  Alloy  Fragments 
Impacting  on  Steel  Plate  (8=  IOO) 

R  vs  0  for  Three  Obliquities 
N0TE:IR'(W 

2.Risthe  Average  of  ths  Values  of  R  for 
Various  Fragment  Weights  and  Striking 
Velocities  ;  fhus  TT  Depends  Only  on  e 
and  9 

3  .Parameter  Combinations  Selected  to  Meet 
the  Requirement  that  (Vr)s£  lOOOfps 
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APPENDIX  VIII 

Comparison  of  the  Performance  of  Steel  and  Tungsten  Alloy  Fragments 

Impacting  on  Steel  Plate 


F .  (vr)w  /  (Vr)g  V8  Fl*te  Thickness  for  Selected  Obliquities;  B“300 
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Comparison  of  Steel  *  Tungsten  Alloy  Fragments 
Impacting  on  Steel  Plate  (B=  300) 

R  vs  e  for  Three  Obliquities 
NOTE: 

\V  r/g 

2.Ris  the  Average  of  the  Vaiues  of  R  for 
Various  Fragment  Weights  and  Striking 
Velocities*  thus  TT  Depends  Only  on  § 
and  d 

3  .Parameter  Combinations  Selected  to  Meet 
the  Requirement  that  (Vr)s>  lOOOfps 
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The  first  report  on  penetration  issued  by  this  laboratory 

_ %-J 

was  published  in  September  1954  as  Technical  Report  No.  14,  "A  Suggested 
Technique  for  Predicting  the  Performance  of  Armor-Piercing  Projectiles 
Acting  on  Rolled  Homogeneous  Armor". 

A  second  report  was  published  in  July  1956  as  Technical  Report 
No.  25,  "A  Comparison  of  Various  Materials  in  Their  Resistance  To  /■’-/ 
Perforation  by  Steel  Fragments;  Empirical  Relationship",  In  this 
second  report,  ballistic  limit  data  for  steel  fragments  impacting  on  a 
number  of  materials  are  analyzed.  Empirical  formulas  are  developed  to 
permit  estimates  of  the  ballistic  limit  for  wide  ranges  of  combinations 
of  impact  parameters. 

A  third  report  was  published  in  April  1955  as  Technical  Report: 

,-c?  •*- 

No.  36,  "A  Study  of  Residual  Velocity  Data  for  Steel  Fragments  Impacting 

on  Four  Materials;  Empirical  Relationships".  Empirical  formulas  of  the 

% 

same  type  are  fitted  to  the  data  for  each  material,  thereby  relating 
residual  velocity  to  important  impact  parameters.  Three  sets  of  graphs 
are  constructed  based  on  these  formulas.  These  sets  of  graphs  permit, 
in  turn,  (1)  a  comparison,  on  an  equal  weight  basis,  of  the  resistance 
of  four  materials  under  impact,  using  as  a  criterion,  the  loss  in 
velocity  experienced  by  th®  fragment  during  perforation,  (2)  a  pictorial 
representation  of  the  variation  of  fragment  residual  velocity  with 
striking  velocity  for  various  thicknesses  of  materials  under  certain 
fixed  conditions,  and  (3)  the  variation  of  protection  velocity,  approxi¬ 
mated  analytically,  with  fragment  weight  for  various  thicknesses  of 
materials  under  certain  firted  conditions. 
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URANIUM  FRAGMENTS  RECOVERED  AFTER  IMPACT  ON  ALUMINUM  ALLOY 
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TUNGSTEN  ALLOY  FRAGMENTS  RECOVERED  AFTER  IMPACT  ON  ALUMINUM  ALLOY 
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STEEL  FRAGMENTS  RECOVERED  AFTER  IMPACT  ON  STEEL  (B~300) 
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APPENDIX  XI 
Firing  Data 


Note:  In  each  of  the  tabulations  which  follow, 

it  is  to  be  understood  that  a  complete 
penetration  of  the  target  plate  was 
actually  experienced  or  else  deduced 
from  actual  firings.  This  remark  clari¬ 
fies  those  data  samples  for  which  the 
residual  velocity  is  reported  as  zero. 
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A.  TUNGSTEN  ALLOY  FRAGMENTS  IMPACTING  ON  ALUMINUM  ALLOY  PLATE 
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A,  TUNGSTEN  ALLOY  FRAGMENTS  IMPACTING  ON  ALUMINUM  ALLOY  PLATE 

(CONTINUED) 
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2488 

55 

.091 

120 

70 

3147 

2617 

56 

.091 

120 

70 

3076 

2435 

57 

.091 

120 

70 

4884 

4412 

53 

.091 

120 

70 

4910 

4376 
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8.  URANIUM  FRAGMENTS  IMPACTING  ON  ALUMINUM  ALLOY  PLATE 


Datum 

e 

m 

6 

vs 

Vr 

No. 

( Lnchaa) 

(grains) 

(decrees) 

RUN 

(fps) 

I 

.  500 

240 

0 

120 

2974 

2245 

2 

1.000 

240 

0 

120 

3680 

2058 

3 

.250 

120 

0 

120 

2605 

2210 

4 

..500 

120 

0 

120 

3155 

2285 

5 

.750 

120 

0 

120 

A  1  O  'X 

J.  -J  J 

2765 

6 

1.000 

120 

0 

120 

3913 

1750 

-r 

/ 

.250 

60 

0 

120 

2228 

1615 

8 

.375 

60 

0 

120 

2828 

2018 

9 

.500 

60 

0 

120 

3506 

2365 

10 

.750 

60 

0 

120 

3377 

1254 

11 

.063 

60 

70 

120 

1483 

1152 

12 

.125 

60 

70 

120 

2930 

1964 

13 

.125 

60 

60 

1  20 

2276 

1647 

14 

.250 

60 

60 

120 

33y4 

2430 

15 

.375 

240 

60 

120 

3689 

2546 

16 

.250 

240 

60 

120 

3552 

2748 

17 

.250 

240 

70 

120 

3736 

2500 

18 

.375 

240 

70 

120 

3901 

1740 

19 

.125 

240 

70 

120 

2500 

2136 

20 

.125 

120 

70 

120 

2658 

1975 

21 

.250 

120 

70 

120 

3507 

1861 

22 

.250 

120 

60 

120 

2792 

1729 

23 

.500 

120 

60 

120 

3999 

1960 

24 

.750 

120 

60 

120 

6202 

2926 

25 

1.000 

120 

0 

120 

6198 

4168 

26 

1.000 

120 

0 

120 

5356 

3440 

27 

1.500 

240 

0 

120 

5091 

1322 

28 

.500 

240 

60 

120 

4995 

3166 

29 

1.000 

240 

60 

120 

5333 

1223 

30 

.250 

30 

0 

120 

2464 

1632 

31 

.250 

60 

7  n 

f  V 

120 

3556 

o 

32 

.375 

60 

60 

120 

3337 

0 

33 

.375 

120 

70 

120 

3958 

0 

34 

.500 

120 

70 

120 

6007 

2193 

35 

2.000 

240 

0 

120 

5681 

0 

36 

.500 

30 

0 

120 

4778 

3105 

37 

.060 

30 

60 

120 

1520 

1107 

38 

-125 

30 

60 

120 

3707 

2.-824 

39 

.250 

30 

60 

120 

4991 

3428 

40 

.500 

30 

60 

120 

5547 

1999 

41 

.125 

30 

70 

120 

3321 

2134 

42 

.500 

240 

70 

120 

4771 

2624 
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C.  ALUMINUM  ALLOY  FRAGMENTS  IMPACTING  ON  ALUMINUM  ALLOY  PLATE 


Datum  No. 

e 

(Inches) 

m 

(grains) 

9 

(degrees) 

V8 

IIps) 

vr 

Llsil 

1 

.125 

240 

0 

3093 

2693 

2 

.250 

240 

0 

4059 

3191 

3 

.500 

240 

0 

4958 

3506 

4 

.125 

240 

70 

4075 

3136 

5 

.0  72 

120 

60 

2175 

1184 

6 

.072 

120 

70 

2690 

1186 

7 

.125 

120 

60 

2245 

1176 

8 

.125 

60 

0 

1813 

1175 

9 

.072 

60 

60 

1885 

793 

10 

.125 

60 

60 

3587 

2021 

1 1 
a.  a 

.072 

60 

70 

4026 

1596 

12 

.500 

60 

0 

5011 

1074 

13 

.072  ' 

30 

0 

2267 

1480 

14 

.125 

30 

0 

2967 

1446 

15 

.250 

30 

0 

3366 

1254 

16 

.072 

30 

60 

2855 

1315 

17 

.125 

30 

60 

4580 

1265 

18 

.072 

30' 

70 

3538 

1057 

19 

.250 

60 

0 

3904 

1949 
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D.  TUNGSTEN  ALLOY  FRAGMENTS  IMPACTING  ON  STEEL  PLATE  (B  ~  100) 


Datum  No. 

e 

(Inches) 

m 

(grains) 

e 

(degrees) 

V 

if  hi 

vr 

(fps) 

1 

.500 

120 

A 

u 

2700 

0 

2 

.500 

60 

0 

3800 

0 

3 

.  125 

60 

70 

2500 

0 

4 

.250 

60 

0 

1350 

0 

5 

.125 

60 

60 

1425 

0 

6 

.250 

240 

0 

3766 

3079 

7 

.250 

240 

0 

3752 

2920 

8 

.050 

240 

0 

1940 

1898 

9 

.050 

240 

0 

1913 

1853 

10 

.250 

60 

0 

2712 

J.404 

n 

.250 

60 

0 

2790 

1518 

12 

.250 

240 

60 

4013 

24S 1 

13 

.050 

240 

70 

3514 

3317 

14 

.050 

240 

70 

3413 

3295 

15 

.125 

120 

0 

2284 

1734 

16 

.125 

120 

60 

3087 

2100 

17 

.500 

240 

0 

3619 

1040 
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E.  TUNGSTEN  ALLOY  FRAGMENTS  IMPACTING  ON  STEEL  PLATE  (B  ~  300) 


e 

m 

a 

u 

v0 

vr 

Datum  No. 

(Inches) 

(grains) 

(decrees) 

EHN 

.(l£§l 

ig£gl 

1 

.125 

60 

0 

370 

1232 

0 

2 

.125 

60 

60 

370 

2316 

0 

3 

.060 

30 

0 

410 

978 

0 

4 

.060 

30 

60 

410 

2338 

0 

5 

.125 

30 

0 

370 

1725 

0 

6 

.250 

60 

0 

388 

1890 

0 

7 

.250 

120 

0 

388 

1881 

0 

8 

.125 

120 

0 

370 

936 

0 

9 

.500 

120 

0 

370 

c 

JJJO 

0 

10 

.500 

240 

0 

370 

2243 

0 

11 

.060 

240 

0 

410 

656 

0 

12 

.060 

240 

60 

410 

1054 

0 

13 

.060 

240 

70 

410 

1674 

0 

14 

.500 

240 

70 

370 

10000 

0 

15 

.500 

240 

60 

370 

7000 

0 

16 

.250 

240 

70 

388 

7000 

0 

17 

.250 

240 

60 

388 

3669 

0 

18 

.250 

120 

70 

388 

5000 

0 

19 

.250 

120 

60 

388 

3145 

0 

20 

.125 

120 

70 

370 

4224 

0 

21 

.  125 

60 

0 

370 

2989 

1295 

22 

.125 

60 

0 

370 

3054 

1492 

23 

.250 

60 

0 

388 

441.4 

3100 

24 

.500 

120 

0 

370 

4942 

2160 

25 

.125 

240 

0 

370 

3835 

3675 

26 

.125 

240 

60 

370 

3956 

3400 

27 

.125 

240 

70 

370 

3778 

1980 

28 

.125 

240 

70 

370 

3898 

2005 

29 

.125 

240 

60 

370 

3370 

3225 

30 

.250 

240 

60 

388 

3947 

1665 

31 

.250 

240 

60 

388 

3947 

1840 

32 

.500 

240 

0 

370 

3724 

1670 

33 

.500 

240 

0 

370 

3629 

1550 
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F.  STEEL  FRAGMENTS  IMPACTING  ON  STEEL  PLATE  OF  VARIOUS  HARDNESSES 


e 

m 

e 

vs 

vr 

Datura  No . 

(inches) 

.(grains) 

(decrees) 

BHN 

-(1m1 

(£ps)_ 

1 

.060 

120 

60 

135 

2642 

1830 

2 

.060 

30 

0 

135 

3975 

3330 

3 

.060 

30 

60 

135 

3572 

1615 

4 

.G60 

60 

0 

135 

1291 

840 

5 

.060 

60 

60 

135 

3935 

2680 

6 

.060 

120 

70 

135 

3919 

2450 

7 

.018 

30 

70 

135 

2933 

2400 

8 

.018 

30 

0 

135 

2915 

2785 

9 

.018 

60 

0 

135 

991 

910 

10 

.018 

60 

70 

135 

2088 

1425 

11 

.125 

60 

0 

135 

2899 

1780 

12 

.125 

120 

60 

135 

4894 

2815 

13 

.125 

240 

0 

300 

4677 

3870 

14 

.125 

60 

0 

300 

2886 

1915 

15 

.125 

60 

0 

300 

4810 

3820 

16 

.125 

30 

0 

300 

4991 

3925 

17 

.125 

120 

0 

300 

2984 

2265 

18 

.125 

240 

0 

300 

3007 

2475 

19 

.125 

240 

60 

300 

4945 

3440 

20 

.250 

240 

0 

300 

4700 

3405 

21 

.250 

60 

c 

300 

4810 

2255 

22 

.250 

240 

60 

300 

4695 

1475 

23 

.625 

30 

0 

410 

11500 

0 

24 

.500 

30 

0 

200 

9000 

0 

25 

1.000 

120 

0 

128 

9000 

0 

26 

.500 

120 

70 

200 

9400 

0 

27 

1.000 

240 

0 

128 

6400 

0 

28 

.500 

240 

60 

iUU 

7071 

0 

29 

.065 

240 

70 

110 

1100 

0 

30 

1.000 

30 

0 

128 

12000 

0 

31 

1.000 

240 

45 

128 

9000 

0 

32 

1,500 

240 

0 

141 

9500 

0 

33 

1.000 

60 

0 

128 

10500 

0 

34 

.250 

30 

0 

92 

3200 

0 

35 

.060 

240 

70 

100 

6079 

4158 

36 

.060 

240 

70 

100 

6016 

4445 

37 

.060 

240 

60 

100 

6067 

4S4C- 

38 

.060 

240 

60 

100 

6050 

4<_:  • 

39 

.  132 

240 

70 

100 

6045 

32'-  ' 

40 

.132 

240 

70 

100 

5902 

33  66 

41 

.132 

240 

60 

100 

6108 

4' : *• 

42 

.132 

240 

60 

100 

6064 

3f  itf 

43 

.132 

120 

60 

100 

5953 

26, '0 

44 

.  132 

120 

60 

100 

5944 

2349 

45 

.060 

120 

60 

100 

5760 

3732 
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F.  STEEL  FRAGMENTS  IMPACTING  ON  STEEL  PLATE  OF  VARIOUS  IARDNESSES 


e 


Datum  No. 

(inches) 

46 

.060 

47 

.060 

48 

.060 

49 

.060 

50 

.060 

51 

.050 

52 

.029 

53 

.029 

54 

.029 

55 

.029 

56 

.029 

57 

.250 

58 

.125 

59 

.078 

60 

.125 

61 

.125 

62 

.078 

63 

ocn 

64 

.078 

65 

.125 

66 

.029 

67 

'•* 

.061 

7  *. 

1 ; 

..  .f.  .1:  .1. 

''t  /  -c 
k  < 

A  V'.  /•  V- 

7 1 

>  **> 

■’* 

:.i  y} 

'*  4 

.iwi 

(CONTINUED) 


m 

9 

(stains) 

Ij^rees) 

120 

60 

120 

70 

120 

70 

120 

70 

60 

60 

60 

60 

30 

60 

30 

60 

30 

70 

30 

70 

30 

70 

240 

70 

240 

70 

240 

70 

120 

70 

120 

60 

120 

60 

120 

60 

30 

60 

30 

60 

30 

0 

v  ■ 

V 

7.  •** 

34 

1  7 

3() 

•» 

i.  f 

• 

1? 

30 

4-6 

J\r 


s 

vr 

BHN 

(fpa) 

Xiibl 

100 

6007 

3976 

100 

5979 

2395 

100 

6007 

2981 

100 

5893 

100/. 

100 

5094 

3280 

100 

5135 

3281 

100 

5410 

4674 

100 

5325 

4339 

100 

5448 

2576 

100 

5340 

3478 

100 

5570 

3838 

350 

5000 

0 

350 

3000 

0 

350 

1750 

0 

350 

7000 

0 

350 

3600 

0 

350 

1900 

0 

350 

6500 

0 

350 

3300 

0 

350 

4800 

0 

90 

300 

O 

•' 

900 

•0 

ItiK 

ij  (  ? 

?  ?)  7 

-j  7 

6 

■frr>r\ 

*;’T 

.140 

0 

304 

5066 

4 

J.V.i  ,! 

3  7  60 
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MEMORANDUM  FOR  Administrator,  Defense  Technical  Information 

Center,  ATTN:  DTIC-HDS,  Cameron  Station, 
Alexandria,  VA  22304-6145 


SUBJECT:  Distribution  Statement  for  Project  Thor  Technical  Report 

No.  41 


1.  Reference:  Project  Thor  Technical  Report  No.  41,  "A  Compari¬ 
son  of  the  Performance  of  Fragments  of  Four  Materials  Impacting  on 
Various  Plates,"  prepared  by  the  Ballistic  Analysis  Laboratory, 
Johns  Hopkins  University  for  the  U.S.  Army  Ballistic  Research  Lab¬ 
oratory,  May  1959,  AD  no.  309198. 

2.  Subject  area  experts  have  reviewed  the  subject  report  and  have 
determined  that  it  no  longer  contains  information  which  requires 
limited  distribution.  Therefore  the  following  distribution  state¬ 
ment  applies: 

APPROVED  FOR  PUBLIC  RELEASE;  DISTRIBUTION  UNLIMITED. 

Please  annotate  your  records  accordingly. 

3.  Point  of  contact  Mr.  Douglas  J.  Kingsley,  DSN  298-6960. 
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Chief,  ARL-APG  Security  Office 


